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INTRODUCTION 
"In Japan, productivity increased by an average of 9.9% 
from 1960 to 1973 and by 3.6% from 1973 to 1978. In West 
Germany, during the same periods, it increased by 5.8% and 
4.2%, while in the United States the increases were only 
2.9% from 1960 to 1973 and less than half that from 1973 to 
1978 As a result, United States competitiveness in 
world markets has declined and inflation and unemployment 
have become not only our major economic problems but great 
social problems as well." (1)* Although all of our nation's 
economic problems cannot be blamed on a low rate of produc-
tivity increase, this statement by .President Ronald Reagan 
points out the i mportance of productivity to the economic 
well being o f our nation. 
Process automation, improved work methods, and employee 
motivation are the three major approaches used to increase 
productivity. Employee motivation can both influence, and 
be influenced by, automation and work methods. A properly 
motivated employee can suggest better work methods, or poss-
ible automation, to make his or her job easier. On the other 
hand, he or she may be motivated by being shown a better work 
method, or being assisted by some type of automation. There 
are many other factors which can influence the productivity 
of an individual. Some of the more widely recognized are 
*Numbers in parenthesis refer to cited literature. 
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working conditions, financial rewards, advancement, recog-
nition, personal satisfaction, supervision, relationship 
with peers, and personal life. Several of these are inter-
related and their relative importance to an individual may 
vary from time to time. However, according to Robert s. 
Rice, "There are many ways to stimulate people to do what 
they can do, but a monetary incentive is still probably the 
most effective universally." (2) 
In recent years, many industrial companies have built 
manufacturing facilities in eastern South Dakota. One of the 
major attractions of the area has been the strong work ethic 
of the people. That is. the belief that an employer d~serves 
an honest days work for a days pay. As a result, most of 
these companies have realized a higher productivity in 
factories located here than in similar factories located in 
the more urban areas of the country. The question then is, 
"Will a wage-incentive system have any noticeable affect on 
this already relatively high level of productivity?" 
In an attempt to answer this question, this study will 
first examine several methods that are available for estab-
lishing pr ductio~ standards and wage-incentive systems. 
Then a detailed explanation of the method u d for this 
particular investigation will be made. An analysis of ·the 
production and quality data will follow, and finally a 
discussion of the results and conclusions will be presented. 
~0----------------------------------~· 
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PURPOSE AND LIMITS OF THE RESEARCH 
The purpose of this investigation is to determine 
what effect a wage-incentive system has on the productivity 
of a manual assembly operation in eastern South Dakota and 
on the quality of output from that operation. The specific 
research questions to be addressed are: 
1. Is the productivity level of the operation signi-
ficantly higher after the installation of a wage-
incentive system? 
2. Is the quality level of the output product signi-
ficantly lower after the installation of a wage-
incentive system? 
The investigation is limited to the study of a non-
technical, direct-labor activity. This activity, which is 
primarily an assembly operation, was monitored for several 
months both before and after the installation of a wage-
incentive system. A wage incentive is the additional pay-
ment made to an employee for working at a productivity 
level which is higher than the established production 
standard. Productivity is defined as the amount of accept-
able output produced by an individual in a given period of 
time and wi ll be measured in units of output per man-hour or 
inversely as man-hours per unit of output. Acceptable 
output refers to any measureable output which meets the 
predetermined quality level of the product involved. 
4 
REVIEW OF LITERATURE 
In order to determine if a wage incentive plan has a 
noticeable affect on productivity, we must first be able 
to establish a standard level of productivity on which to 
base that incentive plan. Likewise, in order to determine 
that productivity standard and then be able to compare other 
levels to it, we must first be able to measure productivity. 
Since productivi ty can be defined as · the amount of work com-
pleted in a given length of time, we must then be able to 
measure work i n order to measure productivity. Therefore, 
work measurement is the basic tool used to measure produc-
tivity. (2) 
Probably the first organized attempt to measure work 
was done by Frederick w. Taylor at the Midvale Steel Company 
in 1881. He originally intended to determine how many foot-
pounds of work per day a first-class man could be expected to 
do year after year and still survive. After conducting many 
carefully-designed experiments over a period of several years, 
Taylor concluded that there was no direct relationship 
between the horsepower that a man exerts and the tiring effect 
of the work on the man. He is credited however with estab-
lishing a scientific approach to solving labor and manage-
ment problems. He developed t~chniques for optimizing· work 
~ 
methods and selecting the best worker for a given task. He 
was aware of the need for an organized approach to training 
.. 
n 
~------------------~~~---· 
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workers, and the need for cooperation between labor and 
management. Taylor's greatest contribution to work measure-
ment probably was his development and .use of the stop-watch 
time study. (3) 
The time study is one of the easiest methods of estab-
lishing a production standard. In the most basic approach, 
all that needs to be done is measure the time required for 
a worker to do a partic~lar task and set that time as the 
production standard. Of course, this approach could easily 
result in an erroneous production standard since there are 
many factors which could affect the time required for a 
worker to do a particular job on any given day. Therefore 
work methods, multiple observation~, rest and delay allow-
ances, and pace ratings must all be considered when using 
the time-study approach for establishing production standards. 
Before the study can begin, the work method must be 
defined and the worker trained according to that method. It 
is helpful to break the operation down into a sequence of 
basic elements with observable breakpoints. Figure 1 shows 
a typical format used for recording data obtained in a 
time study. The top of the form lists all the general infor-
mation concerning the observed operation. Once the basic 
elements and breakpoints have been recorded in the left 
column, the time study may begin. During the time s~udy, 
the stop-watch remains running as the cumulative time is read 
6 
,.. 
Time Study Observation Sheet 
Identification Date 
of operation 
Begin timing: Operator Approval Observer 
Ended timing: 
Element 
Description Cycles Summary 
and Breakpoint 
1 2 3 4 5 6 7 8 9 10 l:T T RF NT 
1 T 
R 
2 L -
R 
3 T 
R 
4 T 
R 
5 T 
R 
6 .T 
R 
7 T 
R 
f--- ---- --· 1---· 
8 T 
R 
9 T 
R 
10 T 
R 
Normal cycle time + Allowance = Std. time 
Figure 1. Time Study Observation Sheet 
and recorded at each breakpoint. The watch readings are 
recorded in the R rows of each cycle column. The T rows are 
used for recording the elapsed time of individual elements 
in each cycle, and are filled in after completion of the 
last observed cycle. (4) 
Once the T rows are completed, a summary of this data 
may be calculated and recorded in the appropriate columns to 
the right. The column headed RF is for the rating factor. 
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It is an estimate of the pace at whi~h the observed employee 
was working while the time study was being conducted, and is 
based on the judgement of the observer. A rating of 1.0 
indicates the lev~l of performance that a company considers 
to be the normal work rate. The time study observer must 
develop the ability to apply this concept to various opera-
tions and be able to produce reasonable numerical rating 
factors. Because of its subjective nature, the rating factor 
is the most critical aspect of the time-study method of 
establishing production standards. (3) The last column on 
the right, headed NT, is for the normal time of each element. 
These are calculated by multiplying the mean cycle times, T, 
by the rating factors for each element. The normal time for 
the complete operation then is the total of the normal times 
for each individual element. (4) 
Normal time is the time required for a qualified employee 
to perform a job at a normal pace. A person, however, cannot 
8 
be· expected to work all day without some interruptions. 
Therefore allowances must be made for such things as personal 
needs, fatigue, and delays beyond the employee's control. 
Standard time then is equal to the normal time plus these 
allowances for rest and delay. (3) 
Although the time study may at first appear to be a 
very simple, straightforward, and accurate method for estab-
lishing a production standard, it can in reality be a very 
troublesome matter . Since the normal time is directly 
affected by the rating factor, which in turn is based on a 
subjective judgement of the observer, the results of a time 
study can very easily become the c?nter of controversy 
between labor and management, especially if there is a wage 
incentive program involved. Besides the subjective nature 
of the study itself, the operation being measured may be 
affected appreci ably by the very act of measurement. The 
presence of an observer may automatically bring about a 
change in the behavior of the employee being observed. Also, 
once a standard is set, it generally cannot arbitrarily be 
reduced if the company learns that the time is too liberal • . 
The standard can usually be changed only i~ there is a sig-
nificant change in the work method or if there was a clerical 
error made in its calculation. (7) 
Work sampling is another time-study method invelving 
direct observation. Indirect labor is usually measured 
,. 
using this technique. (5) However, time standards for 
direct labor may also be estimated using a combination of 
pace rating and work sampling. Two o·ther major uses of 
work sampling are for the estimation of unavoidable delay 
allowances and for the estimation of the utilization of 
machines and tools. In general, it is used to estimate the 
time distribution between two or more activities over a 
certain period of time by means of intermittent, randomly 
spaced, instantaneous observations. (4) Work sampling is 
based on the laws of probability. Its accuracy therefore 
is a function of the number of observations taken. It is 
not economical to use work sampling for the study of short-
cycle repetitive operations because of the number of opser-
vations that would be required to obtain any meaningful 
results. Work sampling cannot provide as much detailed 
information about this type of operation as other methods 
of work measurement can provide. It is best used for the 
simultaneous study of several operations which have a very 
limited number of basic elements. (3) 
Shortly after Taylor began his work with stop-watch 
time studies, Frank B. Gilbreth, an engineer and contractor, 
9 
and his wife, Lillian M. Gilbreth, a psychologist, pioneered 
work in the field of motion study. Together they originated 
micromotion study, which is the study of the fundamental 
-
elements of an operation. The principles and techniques 
they developed are the basis for most modern work measurement 
methods. Aided by the development of the motion picture 
camera and an accurate timing device, they were able to 
assign time values to each of the fundamental elements of 
the operations which they observed. They used these times 
primarily to optimize work methods by determining which 
motion or combination of motions was most economical. 
1 0 
Their principles and techniques have since been widely used 
for the development of work measurement methods. (4) All 
direct labor opera tions can be broken down into a limited 
number of element~l motions. A normal time for each of these 
elemental motions can be obtained by averaging the times 
required by many different people to perform that particular 
motion. Once the normal time for ~ach of these elemental 
motions has been established, the normal time for any complex 
operation can be obtained by adding the elemental normal 
times for each of the elements involved in the operation. 
This method of work measurement has become known as the 
predetermined motion time (PMT) technique. (4) 
The Methods-Time Measurement (MTM) system is the most 
widely recognized of many PMT work-measurement methods in 
use today. Its time standards, which were first published 
in 1948, resulted from the careful analysis of many motion 
pictures taken of manual industrial operations. The origina-
tors of MTM found that most industrial motion patte~~s were 
made up of eight basic motions: reach, move, turn, grasp, 
11 
position, release, disengage, and apply pressure. In addi-
tion, they found that the times required for each of these 
basic motions were influenced by such things as distance, 
amount of control required, and weight of objects involved. 
(6) Tables 1 through 7 show the motion-time data obtained 
for each basic MTM element. The unit of time used in these 
tables is referred to as one time-measurement unit (TMU) and 
is equal to one-one-hundred-thousandth of an . hour (0.00001 
hour). The MTM originators also developed time standards 
for additional elemental motions that are not normally 
limiting factors in manual operations. Tables 8 and 9 show 
the motion-time data for these additional motions of eye 
travel, eye focus, and body, leg, ~nd foot motions. Table 
10 shows which basic motions of reach, move, grasp, position, 
and disengage may be done simultaneously. (3) 
The MTM system eliminates the need for pace rating and 
therefore is considered a more objective method of estab-
lishing production standards. It is well recognized for its 
accuracy when properly administered but is quite complex and 
requires a considerable amount of training. It is a very 
time-consuming system to use since every operation must be 
broken dow~ to the most basic motions in order to be analyzed. 
It is therefore practical to use only for short cycle, highly-
repetitive, and long-running operations. 
Another popular method used for establishing production 
standards is the standard-data system. It relies on a 
12 
Table 1. MTM Reach - R 
Distance Time TMU Hand . In CASE AND 
Moved C or Motion DESCRIPTION 
Inches A B D E A B 
3/4 or less 2.0 2.0 2.0 2.0 1.6 1.6 A Reach to object 
in fixed location; 
1 2.5 2.5 3.6 2.4 2.3 2.3 or to object in 
other hand or on 
2 4.0 4.0 5.9 3.8 3.5 2.7 which other hand 
rests. 
3 5.3 5.3 7.3 5.3 4.5 3.6 
B Reach to single 
4 6.1 6.4 8.4 6.8 4.9 4.3 object in loca-
tion which may 
5 6.5 7.8 9.4 7.4 5.3 5.0 vary slightly from 
cycle to cycle. 
6 7.0 8.6 10.1 8.0 5.7 5.7 
c Reach to object 
7 7.4 9.3 10.8 8.7 6.1 6.5 jumbled with 
other objects in 
8 7.9 10.1 11.5 9.3 6.5 7.2 a group so that 
search and select 
9 8.3 10.8 12.2 9.9 6.9 7.9 occur. 
10 8.7 11.5 12.9 10.5 7.3 8.6 D Reach to a very 
small object or 
12 9.6 12.9 14.2 11.8 8.1 10.1 where accurate 
grasp is required. 
14 10.5 14.4 15.6 13.0 8.9 11.5 
E Reach to indefin-
16 11.4 15.8 17.0 14.2 9.7 12.9 ite location to 
get hand in posi-
18 12.3 17.2 18.4 15.5 10.5 14.4 tion for body 
balance or next 
20 13.1 18.6 19.8 16.7 11.3 15.8 motion or out of 
. way. 
22 14.0 20.1 21.2 18.0 12.1 17.3 
24 14.9 21.5 22.5 19.2 12.9 18.8 
26 15.8 22.9 23.9 20.4 13.7 20.2 
28 16.7 24.4 25.3 21.7 14.5 21.7 -· 
30 17.5 25.8 26.7 22.9 15.3 23.2 
Table 2. MTM Move - M 
Distance 
Moved 
Inches 
3/4 or 
less 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
Time TMU 
I Hand In 
Motion 
A B c 
2.0 2.0 2.0 
2.5 2.9 3.4 
3.6 4.6 5.2 
4.9 5.7 6.7 
6.1 6.9 8.0 
7.3 8.0 9.2 
8.1 8.9 10.3 
8.9 9.7 11.1 
9.7 10.6 11.8 
10.5 11.5 12.7 
11.3 12.2 13.5 
12.9 13.4 15.2 
14.4 14.6 16.9 
16.0 15.8 18.7 
17.6 17.0 20.4 
19.2 18.2 22.1 
20.8 19.4 23.8 
22.4 20.6 25.5 
24.0 21.8 27.3 
25.5 23.1 29.0 
27.1 24.3 30.7 
. -· ~ .. ..... .. " . .. .. ~ "--" .. "" 
B 
1.7 
2.3 
2.9 
3.6 
4.3 
5.0 
5.7 
6.5 
7.2 
7.9 
8.6 
10.0 
11.4 
12.8 
14.2 
15.6 
17.0 
18.4 
19.8 
21.2 
22.7 
:i G523S 
Wt. Allowance 
Wt. Con-
(lb.) Fac- stant 
Up to tor TMU 
2.5 0 0 
7.5 1.06 2.2 
12.5 1.11 3.9 
17.5 1.17 5.6 
22.5 1.22 7.4 
27.5 1.28 9.1 
32.5 1.33 10.8 
37.5 1.39 12.5 
42.5 1.44 14.3 
47.5 1.50 16.0 
1 3 
CASE AND 
DESCRIPTION 
A Move object 
to other 
hand or 
against stop. 
B .t-1ove object 
to approxi-
mate or in-
definite 
location. 
c Move object 
to exact 
location. 
-· 
Table 3. MTM Turn and Apply Pressure - T and AP 
Time and TMU for Degrees T~rned 
Weight 
30 45 60 75 90 105 120 135 150 165 180 
1 Small - 0 to 2 pounds 2.8 3.5 4.1 4.8 5.4 6.1 6.8 7.4 8.1 8.7 · 9.4 
Medium- 2.1 to 10 pounds 4.4 5.5 6.5 7.5 8.5 9.6 10.6 11.6 12.7 13.7 14.8 
Large - 10.1 to 35 pounds 8.4 10.5 12.3 14.4 16.2 18.3 20.4 22.2 24.3 26.1 28.2 
APPLY PRESSURE CASE 1 - 16.2 TMU. APPLY PRESSURE CASE 2 - 10.6 TMU 
-----------~~-· --- ·- ..... _,.,.;.,.. ... -~ . ...  -- . t • .• - • - .... - . _ .. _. . - ·- -----. . ... 
= ~ • . • . ·.· · -- - - .... 
....., 
A 
Time 
Case TMU 
lA 2.0 
lB 3.5 
lCl 7.3 
1C2 8.7 
1C3 10.8 
2 5.6 
3 5.6 
4A 7.3 
4B 9.1 
4C 12.9 
~ 
5 I 0 . 
Table 4. 11TU Grasp - G 
Description 
Pick up Grasp - Small, medium or large object by itse·lf, easily 
grasped. 
Very small object or object lying close against a flat surface. 
Interference .with grasp on bottom and one side of nearly cylindri-
cal object. Diameter larger than 1/2". 
Interference with grasp on bottom and one side of nearly cylindri-
cal object. Diameter 1/4" to 1/2". 
Interference with grasp on bottom and one side of nearly cylindri-
cal object. Diameter less than 1/4". 
Regrasp. 
Transfer Grasp. 
Object jumbled with other objects so search and select occur. 
Larger than 1" x 1" x 1". 
Object jumbled with other objects so search and select occur. 
1/4" X 1/4" X 1/3" to 1" X 1" X 1". 
Object jumbled with other objects so search and select occur. 
Smaller than 1/4" x 1/4" x 1/3". 
Contact, sliding or hook grasp • . 
,_ ---:-;--~-----~ ;-:;:;...-.-.--; ~ .. -:-: ... -
I-' 
Ul 
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Table 5. MTM Position - P 
. Easy To Difficult 
CLASS OF FIT Symmetry Handle To Handle 
s 5 . 6 11 . 2 
1-Loose No pressure ss 9.1 14.7 
required NS 10.4 16.0 
s 16.2 21 . 8 
2- Close Light pressure ss 19.7 25.3 
required NS 21 . 0 26 . 6 
s 43.0 48.6 
3-Exact Heavy pressure ss 46.5 52.1 
required NS 47.8 53.4 
Table 6. MTM Release - RL 
Time 
Case TMU DESCRIPTION 
1 2.0 Normal release performed by opening fingers 
as independent motion. 
2 0 Contact Release. 
- ·- --
Table 7. MTM Disengage - D 
Easy to Difficult 
CLASS OF FIT Handle to Handle 
1-Loose - Very slight effort, blends 
with subsequent move. 4.0 5.7 
2-Close - Normal effort, slight 
recoil. 7.5 11.8 
3-Tight - Considerable effort, hand 
recoils markedly. 22.9 34.7 
Table 8. MTM Eye Travel and Eye Focus - ET and EF 
Eye Travel Time 
TMU. 
T = 15.2 x 0 TMU, with a maximum value of 20 
where T = th~ distance between points from and to 
which the eye travels. 
D = the perpendicular distance from the eye to 
the line of travel T. 
Eye Focus Time = 7.3 TMU. 
17 
1 8 
Table 9. MTM Body, Leg , and Foot Motions 
DESCRIPTION 
Foot Motion--Hinged at Ankle. 
With heavy 
pressure. 
Leg or Foreleg Motion. 
Sidestep--Case !--Complete 
when leading leg 
contacts floor. 
Case 2--Lagging leg 
must contact floor 
before next motion 
can be made. 
Bend, Stoop, or Kneel on 
One Knee. 
Arise. 
Kneel on Floor--Both Knees. 
Arise. 
Sit. 
Stand from Sitting Position. 
Turn Body 45 to 90 degrees--
Case 1--Complete when 
leading leg contacts floor. 
Case 2--Lagging leg must 
contact floor before next 
motion can be made. 
Walk. 
Wa lk. 
SYMBOL 
FM 
FMP 
LM 
SS-C1 
SS-C2 
B,S,KOK 
AB,AS, 
AKOK 
KBK 
AKBK 
SIT 
STD 
TBC1 
TBC2 
W-FT. 
W-P 
"' 
DISTANCE ~IME TMU 
Up to 4" 8.5 
19.1 
Up to 6" 7.1 
Each add'l. 1.2 
inch 
Less than Use REACH 
12" br MOVE 
12" Time 
Each add'l. 17.0 
inch .6 
12" 34.1 
Each add'l 
inch 1.1 
29.0 
31.9 
69 ._4 
76.7 
34.7 
43.4 
18.6 
37.2 
Per Foot 5.3 
Per Pace 15.0 
---~ 
Table 10. MTM Simultaneous Motions 
REACH 
A 
0= EASY to 
perform 
MOVE GRASP 
~ simultaneously. 
~= Can be performed 
simultaneously with 
PRACTICE. 
I= DIFFICULT to perform 
simultaneously even after 
long practice. Allow both 
times. 
MOTIONS NOT INCLUDED IN ABOVE TABLE 
TURN--Normally EASY with all motions except 
when TURN is controlled or with DISENGAGE. 
APPLY PRESSURE--May be EASY, PRACTICE, or 
DIFFICULT. Each case must be analyzed. 
POSITION--Class 3--Always DIFFICULT. 
DISENGAGE--Class 3--Normally DIFFICULT. 
RELEASE--Always EASY. 
DISENGAGE--Any class may be DIFFICULT if care 
must be exercised to avoid injury or damage 
to obiect. 
... ~~ ...... -..- ·"'- - ··--·---·-
DISENGAGE 
CASE MOTION 
REACH 
MOVE 
GRASP 
POSITION 
DISENGAGE 
*W=Within the area of normal 
vision. 
O=Outside the area of normal 
vision. 
**E=EASY to handle. 
D=DIFFICULT to handle. 
~ 
1.0 
· -:-"':-~-------.--.--. -. --. -. --· - . --::--· -- :···~ 
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company's existing data for· the information necessary to 
establish new standards. · Th~ motions involved are usually 
less elemental than the ·bas·ic MTM motions, and in many cases 
are made up of combination·s of· the l1TM motions. A typical 
element might be ·"reach ·and grasp" or "move and release." 
In some cases, however, .the basic elements are even more com-
plex, such as drilling a hole, soldering a connection, or 
filling a container·. The ·complexity of these elements depends 
on the requirements of the company involved. Once the basic 
elements are chosen, all of the variables affecting those 
elements such as weight, size, shape, and quantity must also 
be defined. Then a detailed stati~tical analysis, based on 
those variables, must be made of the existing data. This 
data may have been obtained by time studies, work sampling, 
predetermined-motion-time techniques, or even production 
records. Once the system has been established, time standards 
for new operations can be obtained very quickly. However, the 
system is limited because only those new operations which are 
similar to the old ones can be accurately analyzed. (7) 
All of the production-time-standard systems described 
so far have had advantages as well as disadvantages. Time-
study techniques are fast, but also very subjective. Work-
sampling techniques are suitable for indirect-labor ~nd for 
operations consisting of a very limited number of elements. 
However, they are subjective, and do not work well for short-
cycle, highly-repetitive operations. The MTM system is 
accurate, and very well suited for short-cycle, highly-
repetitive operations, but it is complex and very time-
consuming. Standard-data systems are accurate and fast, 
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but they are l~mited to use with closely-related operations. 
In an attempt to provide a fast, yet accurate, method 
for establishing production-time standards, several comput-
erized PMT and standard-data systems have been developed. 
Some of the better known are Univation, 4M, MOST, and WOCOM. 
In these systems, motion codes and descriptions are entered 
in the computer through keypunch or CRT terminals. The pro-
grams summarize the ~motions, and t~en generate elemental and 
task standards. The elemental standards can be stored and 
later retrieved to produce new standards. (5) Since they 
require a minimum of subjective decisions, and all computa-
tions are made by the computer, these systems are both fast 
and accurate. 
The system used to establish the production standards 
for the operation investigated in this paper was the Univel 
computerized system. The Univel computer program is capable 
of generating exact times, and detailed method instructions, 
for any manual activity. The time-generator portion of Univel 
uses a series of mathematical models to calculate pre~ise 
times for a described set of conditions, while the translator 
portion generates a detailed methods instruction sheet 
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reflecting the conditions described. The Univel system is 
based on the following concepts: (8) 
1. The pattern of human activity is largely dictated 
by the physical conditions under which the activity 
is required to be performed. 
2. These conditions are common regardless of the situ-
ation because we are dealing with a common mechanism, 
the human body, in the performance of an activity. 
3. All situations can be described by different com-
binations of a .given set of conditions. 
4. Conditions can be clearly defined and specified. 
5. Motion patterns (methods), as dictated by conditions, 
determine the time an activity takes. 
Additional characteristics of the Univel system will be dis-
cussed in the methodology section of this study. 
Once the work measurement method, and resulting produc-
tion standards have been established, a wage incentive system 
can be considered . We must remember, however, that work 
measurement is used not only for establishing incentive 
standards, but also for estimating, costing, and production 
scheduling. {5) Work measurement tools and production stan-
dards do not alone increase productivity, but simply function 
as indicators. {9) Management must create an environment 
in which productive change is desirable, and superior perfor-
mance and innovation are rewarded. (10) One method of doing 
this is through a wage incentive system. 
Wage incentive systems certainly are not the on~y method, 
or even the major method, of increasing productivity. 
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According to Robert Kelly, ,.The greatest gains in productiv-
ity will come about by working smarter, not harder." (11) 
However, incentive systems require the use of work measure-
ment techniques to establish production standards, and these 
techniques often promote more efficient work methods. One 
of the first steps in many work measurement methods is to 
define the easiest and best way to perform the task being 
studied. Also, the very nature of incentive systems tends 
to promote methods-innovation on the part of the operator, 
as well as better equipment maintenance. (3) 
The basic principle involved in any wage incentive 
plan is that of providing extra pa~ as a reward for extra 
effort, resulting in an increase in productivity. To 
earn this extra pay, the operator produces more, mainly 
through greater concentration on the job, elimination of 
idle time, and expending more energy. The average output 
of qualified operators working on an incentive system 
usually exceeds normal by 15 to 35%. A study of 72 com-
panies by Ralph Barnes showed that the average output was 
28% above normal. (3) 
Since, with an incentive plan, the cost per man-hour 
increases at the same time that productivity increases, 
one might wonder if there really is any advantage to ~having 
an incentive plan. There are two ways that a company can 
benefit from an incentive system. First, the higher 
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productivity results in more efficient utilization of 
equipment and facilities, thereby decreasing overhead costs. 
(4) Secondly, when not operating on an incentive plan, 
productivity typically runs at less than the normal rate. 
In another study, Barnes discovered that most operations 
which ran at 120% while on incentive, ran at only 77% when 
not on incentive. (3) Therefore, the labor cost per unit 
would be approximately 30% higher when not run on incentive. 
Product quality is often another concern associated 
with incentive systems. Some people feel that quality must 
suffer because the operators are going to be more concerned 
about quantity than quality. Most incentive plans, however, 
have a standard of quality built into the system which 
prevents inferior quality output from being counted toward 
the incentive standard. According to Samuel Young, just 
the opposite is true, under-utilized staff typically results 
in poor quality. (10) 
f I 
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RESEARCH METHODOLOGY 
This research was based on a study of the most labor 
intensive operation involved in the manufacture of a line 
of integral heated dishes. These dishes (Figure 2) are 
used primarily in the food service facilities of large 
hospitals. The product line consists of a plate and a bowl, 
each available in two colors. Each dish is heated by its 
own electrical resistance element when energized in a po,¥-e·r. 
module. The two major components are a ceramic coated 
steel liner, which has a resistor pattern fused to it, and 
a high temperature plastic bottom in which the liner is 
mounted (Figure 3). The operation .studied consisted of 
the assembly of these two components to one another. Since 
the primary step in the assembly operation was the soldering 
of the harness leads from the dish bottom to the silver pads 
on the liner, the operation was designated "soldering." 
Production of the dishes began at 3M in Brookings, South 
Dakota in November of 1979. Since the dishes had been manu-
factured in st. Paul, Minnesota for several years before that, 
the assembly work methods were well established. By 
February of 1980, the new operators had been trained, and the 
operations were running smoothly. Incentive standards were 
to be installed as soon as possible on all operations- except 
those that involved detailed inspection procedures. 
2 6 
Figure 2. Food Service Plate and Bowl 
Figure 3. Dish Liners and Bottoms 
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Productivity records were maintained on all operations even 
before the incentive standards were installed. The incen-
tive standard for soldering was completed and installed on 
July 7th. The soldering productivity study covered the 
period from February 4, 1980 through January 30, 1981, 
excluding four weeks in December of 1980 when there was a 
break in production due to a shortage of liners. Therefore 
the study included 22 weeks of production without incentive 
coverage and 26 weeks of production with incentive coverage. 
Data was collected daily from the production reports 
of the employees. This information included the total 
number of units completed and the time that was spent on 
the operation that day. Quality data was also collected 
but was done on a weekly basis. The only traceable defects 
resulting from the soldering operation were faulty solder 
connections. These defects showed up as either high readings 
or open circuits when checking the electrical resistance of 
the dishes. This test of resistance was part of the stan-
dard procedure in two of the operations that followed sol-
dering. A complete listing of the production and quality 
data can be found in Appendix A. 
Figure 4 shows a layout of the soldering operation. 
The equipment consisted of an electric soldering iron, 
solder, a small piece of Scotchbrite cleaning pad, a paper 
towel, a cleaning cloth, and a container of mild cleaning 
. ' 
Soldered Dish 
Cloth 
Cleaning 
Fluid 
Dish Bottom 
Figure 4. 
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Solder Soldering Iron 
Scotchbrite 
Paper Towel 
Dish Liner 
Layout of Soldering Operation 
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solvent. The input materials consisted of the enameled 
dish liner, the plastic dish bottom, and a thermal cut-out 
which had to be mounted to the bowl liner. Two of these 
cut-outs were pre-assembled to the plastic plate bottoms. 
The output was the soldered dish assembly. One to two 
operators assembled either bowls or plates, depending on the 
production schedule. The following is a brief summary of 
the standard work procedure used for the soldering operation. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Obtain dish bottoms from the nearby table and place 
them in the approximate location as shown in Fi.gure 
4. 
Obtain dish liners from the cart at the end of the 
work bench and place them in the approximate 
location as shown in Figu~e 4. 
Move one liner and one bottom to the work area 
directly in front of the operator. 
Obtain a thermal cut-out and attach it to the 
liner (bowls only). Figure 5. 
Clean the silver contact pads on the liner first 
with a Scotchbrite pad and then with a paper towel. 
Figure 6. 
Using the soldering iron and solder, melt a drop 
of solder on each silver pad. Figure 7. 
Solder the harness and cut-out leads to the liner 
at the appropriate pad locations. Figures 8, 9, 10. 
Clean the tip of the soldering iron as necessary 
to provide ease of soldering. Figure 11. 
Bend the harness leads into the correct position 
(plates only). Figure 12. 
Move the bottom and liner together and solder the 
last harness lead. Figures 13 and 14. 
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Figure 5. Thermal Cut-out Attachment 
Figure 6. Silver Pad Cleaning 
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Figure 7. Solder Placement 
Figure 8. Soldering Cut-out Leads 
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I 
.I 
Figure 9. Soldering Bowl Harness Lead 
Figure 10. Soldering Plate Harness Lead 
----- ·-· ·------------------------
Figure 11. Cleaning Tip of Soldering Iron 
Figure 12. Positioning of Harness Leads 
I 
-I 
I 
! 
3 3 
- ----------·---------------------------------
Figure 13. Soldering Final Bowl Lead 
----- - -------------------------------------------
I . 
I 
Figure 14. Soldering Final Plate Lead 
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3 5 
-------------------- --
Figure 15. Cleaning Bowl Grommet 
Figure 16. Cleaning Plate Grommet 
11. Lay the assembled dish on the bench and clean 
the grommet with a cloth and cleaning solvent. 
Figures 15 and 16. 
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12. Move the completed assembly aside to the approx-
imate location as shown in Figure 4. 
A more detailed work procedure was developed as part of the 
incentive standard build-up and will be presented later. 
The incentive standards for the plate and bowl sol-
dering operations were developed through the use of the 
Univel system. As was stated earlier, Univel is a computer 
program that not only generates exact times but also 
detailed instructions for any manual activity. The portion 
of the program that generates the time is based on a series 
of mathematical models which can calculate precise times 
for any set of conditions described. The independent 
variables used to describe these conditions are type of 
motion, location class, distance, weight, control dimension, 
degrees or number of turns, and frequency. These variables 
are all entered into the computer via a CRT terminal in the 
format prescribed by the Univel coding sheets. Figures 17 
and 18 show the coding sheets for the plate and bowl sol-
dering operations. 
Lines A through C of the coding sheet are used for 
general identification and descriptive information. Coltimns 
1 through 4 are used for specific line identification. 
Special codes required for the manipulation of certain 
entries, such as equipment controlled process times, may be 
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entered in columns 5 and 6. The element type is coded in 
column 7. This may be for the standard time element, a 
comment, or a special formula activator. Column 8 may 
designate the element as either a single motion or com-
bination of motions. Columns 9 through 12 determine the 
type of motion involved. This may include not only the two 
basic motions of obtain _and accomplish but also walking, 
turning, rotating, bending, moving to the side, and moving 
to the rear . Combinations of these motions may also be 
coded in these columns. The location class of an obtain 
or accompl ish motion is coded in columns 13 and 14. This 
relates to the degree of difficulty of a motion. Its 
coded values may vary from 1, for the easiest, to 9, for 
the most difficult. Columns 16 through 27 are used to enter 
the distances involved in the obtain, move, and walk motions. 
The weight of objects moved is entered in columns 28 
through 31. The control dimension, which refers to the 
length on an object from the point of control, usually the 
handhold, to the point that is placed or positioned, is 
entered in columns 32 through 34. The degrees of turn or 
number of turns, which is entered in columns 35 through 37, 
refers to the movement of the hand and forearm either in 
an axial twisting motion or a radial motion about the ~elbow. 
The frequency refers to the number of times that a specific 
motion occurs in an operation and is entered in columns 38 
• I 
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through 42. The code entered in column 43 indicates what 
is to be done with the calculated time for that particular 
element. Columns 44 through 80 are reserved for the 
literal entries. These entries, when entered according to 
the prescribed format, will provide a detailed, step by 
step, work procedure based on the independent variable data 
entered in columns 5 through 43. Additional instructions 
or information may be entered by use of comment elements 
when properly coded in column 7. 
The time calculated for each of the lines of coded 
information was the normal time for that particular motion. 
The normal time for the complete OP,eration then was the · 
total of all these individual lines. In order to obtain 
the standard time for the soldering operation, rest and 
delay allowances had to be added to the total normal time. 
This also was don~ with the Univel program by entering the 
appropriate total allowance into a coded formula format. 
See line 0540 of Figure 17. The rest allowance for the 
soldering operation was determined to be 13%. This included 
the basic 10% allowed for breaks and personal time and an 
additional % for such things as the working conditions 
and physical effort involved in the operation. Since a 
delay allowance study had not yet been conducted, an 
estimate of 10% was made for the entire department. There~ 
fore, the total rest and delay allowance entered in the 
. ' 
program was 23%. 
Once all the proper information had been coded into 
the computer, the Univel program was able to calculate 
the standard times for the plate and bowl soldering opera-
tions. See Appendix Be The incentive standard for plate 
soldering was taken directly from this Univel standard. 
The incentive standard for bowl soldering however, also 
included another small standard time for attaching the 
mounting tape to the thermal cut-outs. This short standard 
was also done with Univel and is included in Appendix B. 
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DATA ANALYSIS 
The incentive standard for plates was established at 
0.033 hours per piece (3 0.3 pieces per hour) by the Univel 
study. Likewise the incentive standard for bowls was 
established at 0.0335 hours per piece (29.85 pieces per 
hour). The performance was calculated for all weekly 
production averages in the following manner: 
Performance= Standard Time Earned 
Time on Standard 
where: 
Standard Time Earned = (Output) x (Std. Hrs./Unit) 
The production and quality da~a for the 48 weeks of 
the study is listed in Tables 13 and 14 in Appendix A. The 
average weekly production was 1357 dishes. Although the 
overall production schedule was determined by the sales 
requirements, the individual operation schedules also 
depended on the productivity levels. The man-power require-
ments for soldering varied from one full-time employee to 
two employees. Overtime was utilized when needed to meet 
the production schedule. Bowls and plates were never 
assembled at the same time. Usually a production run of one 
or the other would last for several weeks. 
Table 11 is a summary of the weekly performances a nd 
defects during the 22 weeks of production before the incen-
tive standards were installed. The average weekly performance 
for that period was 60%, with a standard deviation of 11.4%. 
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Table 11. Non-incentive Production Data Summary 
Period Weekly 4 Week Weekly 4 Wk. Avg. 
Ending Perf. (%) Perf. (%) Defects Defects 
2-8-80 56 3 
2-16-80 77 6 
2-23-80 69 6 
3-1-80 45 60 8 5.8 
3-8-80 61 16 
3-15-80 55 16 
3-22-80 38 3 
3-28-80 86 57 2 9.3 
4-4-80 54 9 
4-12-80 60 35 
4-18-80 67 11 
4-25-80 58 59 3 14.5 
5-2-80 !52 9 
5-9-80 60 11 
5-16-80 78 13 
5-23-80 56 61 48 20.3 
5-30-80 54 16 
6-6-80 63 28 
6-13-80 44 74 
6-20-80 56 54 31 37.3 
6-27-80 71 39 
7-2-80 61 9 
Average w·eekly Performance = 60% 
Standard Deviation of Weekly Performance = 11.4% 
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Table 12. Incentive Production Data Summary 
Period Weekly 4 Week Weekly 4 Wk. Avg. 
Ending Perf. (%) Perf. (%) Defects Defects 
7-11-80 58 15 
7-18-80 71 66 22 21.3 
7-25-80 64 4 
8-1-80 74 2 
8-8-80 83 13 
8-15-80 79 75 25 11.0 
8-22-80 66 26 
8-29-80 59 1 
9-5-80 71 1 
9-12-80 89 70 5 8.3 
9-19-80 82 9 
9-26-80 83 16 
10-3-80 113 32 
10-10-80 78 88 5 15.5 
10-17-80 91 22 
10-24-80 83 2 
10-31-80 118 2 
11-7-80 115 102 1 6.8 
11-15-80 126 6 
11-22-80 94 9 
11-26-80 110 2 
12-5-80 129 110 2 4.8 
1-9-81 104 0 
1-16-81 127 0 
1-23-81 94 2 
1-30-81 94 103 13 3.8 
Average Weekly Performance of last 10 weeks = 111.1% 
Standard Deviation of Weekly Performance = 14.1% 
. , 
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The minimum weekly performance was 38% and the maximum, for 
those first 22 weeks, was 86%. The f~ur-week averages varied 
from 54% to 61%. The average number of defects per week 
for that period was 18, with a minimum of 2 and a maximum 
of 74. The four-week averages increased from 5.8 defects 
per week, at the beginning, to 37.3 defects per week, at the 
end of 20 weeks. 
Table 12 i s a summary of the weekly performances and 
defects during the 26 weeks pf production after the incentive 
standards were installed. The minimum weekly performance of 
that period was 58% and the maximum was 129%. The average 
weekly performance was 90.6%, with .a standard deviation of 
21.4%. The corresponding figures for the last 10 weeks of 
that period were 111.1% and 14.1%. The four-week average 
performance varied from 66% to 110%. The average number of 
defects for the 26-week period was 9.1, with a minimum of 
zero and a maximum of 32. The four-week average decreased 
from 21.3 defects per week, at the beginning, to 3.8 defects 
per week, at the end of the 26-week period. 
A statistical analysis of the data was made using the 
Minitab computer program. The computer printout of this 
analysis can be found in Appendix C. The eight columns .of 
data, headed Cl through C8, reflect the following sets of 
data: 
Cl - weekly performance for the 22 weeks of non-incen-
tive production. 
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C2 - Weel(ly performance for the 26 weeks of incentive 
production. 
C3 - Weekly performance for the last 10 w·eeks of incen-
tive production. 
C4 Weekly defects for the 22 weeks of non-incentive 
production. 
cs - Weekly defects for the 26 weeks of incentive 
production. 
C6 - Weekly defects for t.~e last 10 weeks of incentive 
production. 
C7 Four-week average performances for the 26 weeks 
of incentive production. 
ca - Four-week average defects for the 26 weeks of 
incentive production. 
Two-sanlpled t-tests were run to conlpare the column 
means (U) in the following manner; 
'l'est 1. ul ;,; 02 vs. u~ < u2 
'l'est 2. ul ;,; 03 vs. ul <u3 
'l'est 3. u4 ;,; us vs. u4> us 
Test 4. u4 ;,; 06 vs. u4> uG 
~he results of test 1 show that there is a significant 
difference between ul and u2, and that the 95t confidence 
interval for u
2
- u1 is 20.7 to 40.3 (~ perf~rmance). 
Tho results of test 2 show that thoro is a si~nificant 
difference between ul and u3, and ~lat the 95% confidence 
interval for 03 - ul is 40.2 to 61.9 (% performance) 
~he results of test 3 show that there is a significant 
difference between u4 and Us, and that the 95' confidence 
interval for u
4
- Us is 0.2 to 17.6 (defects per week). 
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The results of test 4 show that there is a significant 
difference between 54 and 56 , and that the 95% confidence 
interval for 54 - 56 is 6.0 to 22.6 (defects per week}. 
A regression analysis, using Minitab, was computed 
for the relationship between the productivity and the nunwer 
of defects observed during the last 26 weeks of the study. 
(See computer printout in Appendix C.) There was normally 
a 3 to 6-day delay between the reporting of the production 
data and the reporting of the respective quality data. 
Therefore, the four-week average data was used for the 
regression analysis, in an attempt to compensate for this 
t~e delay. The correlation coefficient (R) was calculated 
to be 0.722 (R-squared = 52.2%). The regression equation 
was computed to be: 
Y = 32.7 - 0.257X 
where X and Y relate to the productivity (C7) and the 
number of defects {C8) respectively. The standard deviation 
of Y about the regression line was equal to 4.761. 
An analysis of variance of the regression equation was 
also computed and can be found at the end of Appendix c. 
The computed F value can be found by dividing the mean 
square due to regression by the mean square of the residual, 
F = 123.88/22.67 = 5.46. This is less than the critical 
value of F 
0 
{1,5) = 6.61. Therefore the observed change 
• 5 
in y may be due to nothing more than normal random variation. 
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DISCUSSION OF RESULTS AND CONCLUSIONS 
The purpose of this research investigation· was to · 
determine what effect a wage-incentive ·system has on· the 
productivity level and on the quality le~el of· a typical 
manual-as sembly operation in eastern Sou.th Dakota. Figures· 
19 and 20 show the general results of th~ data th~t was 
collected. Figure 19 is a plot ofi the fou~-we~k ave~age 
productivity performance over the 48-week study and Figure 
20 is a plot of the four-week average ·number of defects 
over the same 48-week period. 
A statistical analysis of the performance data sub-
stantiates the increase in performance ·as indicated by the 
plot in Figure 19. The analysis shows that there was a 
significant increase in the performance ~fte~ the ·inceritive 
standard was installed. We can be 95% confiderit th~t th~ 
average %-performance increased at least 20.7%, and up to 
40.3%. If we assume there was a 16-week transition. period· 
after the incentive standard was installed, .we can be· 95% 
confident that the average %-performance incre~sed at 
least 40.2%, and up to 61.9%. The mean %-performance 
increased from 60%, for the rion-incentive pe~iod, to 111% 1 
for the last ten weeks of the 26-week incentive period·. 
A statistical analysis of the quality data also sub-
stantiates the decrease in the number of weekly defects as 
indicated by the plot in Figure 20. The analysis shows that . ' 
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there was a significant decrease in the numbe·r of· defects 
after the incentive standard was installed. We ·can b~ '95% 
confident that the average number of weekly defects decreased 
at least 0.2, and up to 17.6. If we again assume ·a 16-week 
transition period, we can be 95% confiderit th~t th~ aver~ge 
number of defects decreased at least 5.95, and up to '22 .. 65. 
Although a regression analysis of the perfor~ance ·and quality 
data indicated that up to 52% of the dec·rease 'in the· ·number 
of defects could be attributed to th~ ·increase 'in perfor~ 
mance, an analysis of variance showed that th~r·e was not· 
sufficient evidence to support the regression· mod~l. 
It is often assumed that the quality of a product is 
adversely affected when a wage incentive system is used 
in the manufacture of that product. The results of this 
study however , indicate that the incentive standards had 
just the opposite effect on the quality of the food service 
dishes. In order to increase productivity, the operators 
had to concentrate more on the assembly operation. This 
closer concentration resulted in fewer mistakes, and 
therefore a higher quality output. 
Although this study was limited to a single, non-
technical direct labor operation, the results show that ' ~ 
wage incentive systems can have a positive affect not only 
on productivity but also on quality. This was found to be 
true in eastern South Dakota where there already exists a 
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strong work ethic. 
Suggestions f o r addi tional wage incentive research 
would b e i n the a r e a of non-direct labor and service labor. 
These a reas are assuming an ever increasing portion of the 
labor market. 
To point out the importance of productivity in the 
United States today, the J oint Economic Committee of 
Congress in 1980 said "The average American is likely to 
see h is standard of living drastically reduced in the 1980's 
unless produc·t.ivity growth is accelerated." (12) 
REFERENCES 
1. Boulde n , La rry L. "Four Minieditorials," Production 
Engineering, March 1981, Vol. 28, No. 3, p. 7. 
55 
2. Rice , Robert S. "Work Measurement, an Upward Trend," 
I ndustrial Engineering, September 1975, Vol. 7, 
No . 9 , p. 80 . 
3. Bar nes, Ralph M. Motion and Time Study Design and 
Measurement of Work. 6th edition. John Wiley 
and Sons, Inc. (New York, 1968) 
4. Krick, Edward V. 
and Sons, Inc. 
Methods Engineer~ng. 
(New York, 1962) 
John Wiley 
5. Brisley, Dr. Chester L. and Dossett, Royal J. "Work 
Measurement Overview," Industrial Engineering, 
August 1980, Vol . 12, No. 8, pp. 34-43. 
6. Maynard, Harold B. , Schwab, John L., and Stegemerten, 
G. J. Methods-Time Measurement. McGraw-Hill 
Book Company (New York, 1948) 
7. Neale , Fred. J. Primary Standard Data. McGraw-Hill 
Publishing Company Ltd. (London, 1967) 
8. Univel Training Ma n ua l . Management Science, Inc. 
(App leton, Wi s consin, 1974) 
9. Day, Charles R. J. "Sol ving the Mystery of Produc-
tivity Mea surement," Indu·stry Week, January 26, 
1981 , Vo l. 208 , No. 2, pp. 61-66. 
10. Young, Samuel L. "What's Needed For Productivity 
Improvement," Production Engineering, March 1981, 
Vol. 28, No. 3 , pp . 34-37. 
11. Ke lly , Robert T. "What Have We Learned About Produc-
t ivity," As s e mbl y Engineering, January 1981, Vol. 
24, No. 1, p. 3. 
12. Bou l den, Larry L. " Producti~n Engi~eeri~g's Stand · 
on Productivity," ProductJ.on EngJ.neerJ.ng, Feb1:uary 
1981, Vol. 28 , No . 2, pp. 24-27. 
., 
56 
APPENDIX A: 
Complete Data List·ing 
57 
Table 13. Production Data Listing 
-.c: 
• (J) . 
0 ..... (/) 
E-tO 0:: . 
E-t f:Q CJ)'-. ~E-t ~ ::t:O ~~ :::> (/) . ...=.:::> ...:ICJ) ~ 
A.. 0:: $4 • (J) ~A.. ~0:: ci ~ ~~ E-t :::> 0 U$4 ~E-t ri1::> ~A.. 
:::> 0 z:r: ~8 ri1 0 E-t.::r: r:LI 0 :I:: ~ 1-1- ~:r: CJ) ri1 S:dP 
February 4 45 3.5 B .0335 
5 97 9.0 B .0335 
6 221 11.0 B .0335 
7 162 8.6 B .0335 
8 258 15.0 B .0335 783 47.1 26 . 2 56 
11 180 8.0 B .0335 
12 143 7.4 B .0335 
13 175 8.0 B .0335 
14 200 8.3 B .0335 
15 204 8.0 B .0335 
16 196 8.0 B .0335 1098 47.7 36 . 8 77 
18 204 7.7 B .0335 
19 228 11.5 B .0335 
20 432 18.5 B .0335 
21 364 16.1 B .0335 
22 116 6.7 B .0335 
23 240 16.0 B .0335 1584 76 . 5 5 3 .1 69 
25 336 16.0 B .0335 
26 216 22.4 B .0335 
27 364 19.6 B .0335 
28 ':44 2.2 B .0335 
28 124 17.1 p .033 
29 141 11.6 p .033 
March 1 130 11.0 p .033 1355 99.9 45. 2 45 
3 251 16.0 p .033 
4 189 12.0 p .033 
5 264 12.0 p .033 
6 239 13.4 p .033 
7 192 9.5 p .033 
8 185 8.0 p .033 1320 70.9 4 3 .6 61 
10 166 12.2 p .033 
11 226 15.5 p .033 
12 208 15.0 p .033 
13 207 10.5 p .033 
14 160 8.0 p .033 
15 193 9.0 p .033 1160 70.2 38. 2 ·5 5 
17 167 16.0 p .033 ..... 
18 221 20.0 p • 033 
19 258 20.0 p .033 
20 154 12.6 p .033 
21 160 14.0 p .033 
22 120 11.1 p .033 1080 93.7 
35 . 6 38 
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Table 13. Production Data Listing (continued) 
-.t:: 
• til . 
O·M Ul 
80 ~ . 
E-t ~ (/)' >c8 >c tt:O >c ~ :::::> Cl) . HO HUl ril H 
~ p::: H • til ~~ ~~ ci~ ~ ril E-t :::::> 0 UH ril8 ri:IO ril ~ 
:::::> 0 ztt: ~g ~g 8~ ril 0 ti:: ~ H- U)Jl:l ~ dP 
March 24 120 12.4 p .033 
25 280 10.0 p .033 
26 400 15.0 p .033 
27 360 10.0 p .033 
28 280 8.0 p .033 1440 55.4 47.5 86 
31 14'/ 8.0 p .033 
April 1 213 12.9 p .033 
2 300 15.3 p .033 
2 33 3.4 B .0335 
3 207 14.9 B .0335 
4 240 16.2 B .0335 1140 70.7 37.9 54 
7 240 15.5 B .0335 
8 240 20.0 B .0335 
9 384 19.0 B .0335 
10 281 14.6 B .0335 
11 247 16.0 B .0335 
12 384 13.0 B .0335 
12 60 3.0 p .033 1836 101.1 61.5 60 
14 200 10.2 p .033 
15 270 13.8 p .033 
16 337 18.0 p .033 
17 323 14.5 p .033 
18 246 11.6 p .033 1376 68.1 45.4 67 
21 215 14.6 p .033 
22 250 14.0 p .033 
23 259 14.2 p .033 
24 200 11.0 p .033 
25 280 15.2 p .033 1204 69.0 39.7 58 
28 174 12.2 p .033 
29 260 16.0 p .033 
30 223 16.0 p .033 
May 1 92 5.5 p .033 
2 273 15.0 p .033 1022 64.7 33.7 52 
5 288 13.1 p .033 
6 233 15.4 p .033 
7 257 16.0 p .033 
8 415 24.0 p .033 
9 305 14.5 p .033 1498 83.0 
49.4 ~ 60 
12 334 16.0 p .033 
13 322 14.0 p .033 
14 494 21.0 p .033 
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Table 13~ Production Data Listing (continued) 
-rc: 
• rn . 
C·r-1 Cll 
E-tC p:; . 
E-1 ~ Ul'-. >tE-t >t ::x::c ~~ 0 Cll . ..,;tO ..,;t(f) r.xl 
~ p:; H • rn ~A.. ~p:; 0~ ~r.xl E-1 0 0 UH j:i:~E-f r.xl. O j:i:jp. 
0 0 z:x: j:i:~O ~g E-tce!! ~o'P 0 :I: p. H- :::o Cllr.xl 
May 15 212 8.0 p .033 
16 317 12.0 p .033 1679 71.0 55.4 78 
19 200 8.0 p .033 
20 246 16.0 p .033 
21 465 30.3 p .033 
22 267 16.0 p .033 
23 293 17.0 p .033 1471 87.3 48.5 56 
2 7 220 16.0 p .033 
28 260 16.0 p .033 
29 175 9.0 p .033 
30 194 11.0 p .033 849 52.0 28.0 54 
June 2 271 15 . 3 p .033 
3 280 16.0 p .033 
4 320 16.0 p .033 
5 347 16.0 p .033 
6 113 8.0 p .033 
6 174 8.0 B .0335 1505 79.3 49.7 63 
9 173 15.8 B .0335 
10 181 16.0 B .0335 
11 240 19.0 B .0335 
12 384 26.0 B .0335 
13 336 23.3 B .0335 1314 100.1 44.0 44 
16 372 26.0 B .0335 
17 383 22.5 B .0335 
18 445 24.5 B .0335 
19 309 17.0 B .0335 
20 267 17.0 B .0335 1776 107.0 59.5 56 
23 312 16.0 B .0335 
24 288 14.0 B .0335 
25 373 17.0 B .0335 
26 347 16.0 B .0335 
27 360 16.0 B .0335 1680 79.0 56.3 71 
30 274 16.0 B .0335 
July 1 192 10.6 B .0335 
1 74 4.6 p .033 
2 226 10.8 p .033 766 42.0 25.5 61 
7 135 8.0 p .033 
~ 
8 185 11.6 p .033 
9 244 16.0 p .033 
10 316 15.6 p .033 
·11 261 13.8 
p .033 1141 65.0 37.7 58 
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Table 11. Production Data Listing (continued) 
-.c 
• 00 . 
O·M U) 
80 p:; . 
E-t ~ Ul'-. ~ . E-t ~ ::z:=o ~~ ::::> Ul . HP HOO ~ 
~ p:; ~ • 00 ~~ ~~ cl~ ~~ E-t ::::> 0 t)~ ~E-t ri:IO ~A. 
::::> 0 z::z:= ~8 ~g 8~ ~o\0 0 ::z:= A. H- . Ul~ 
July 14 299 14.8 p .033 
15 280 14.0 p .033 
16 260 12.3 p .033 
17 364 15.7 p .033 
18 201 8.0 p .033 1404 64.8 46.3 71 
21 255 15.4 p .033 
22 309 16.0 p .033 
23 323 15.6 p .033 
24 346 17.5 p .033 
25 132 6.0 p .033 
25 213 10.5 B .0335 1578 81.0 52.1 64 
28 267 16.0 B .0335 
29 192 8.0 B .0335 
30 336 13.9 B .0335 
31 336 15.8 B .0335 , 
August 1 240 8.0 B .0335 · 1371 61.7 45.9 74 
4 351 15.1 B .0335 
5 369 16.0 B .0335 
6 414 16.0 B .0335 
7 306 10.1 B .0335 
8 384 16.0 B .0335 1824 73.2 61.1 83 
11 288 14.3 B .0335 
12 160 8.0 B .0335 
13 229 8.0 B .0335 
14 379 15.3 B .0335 
15 208 8.0 B .0335 1264 53.6 42.3 79 
18 234 12.7 B .0335 
19 292 17.0 B .0335 
20 120 5.4 B .0335 
20 256 12.6 p .033 
21 346 16.0 p .033 
22 334 15.6 p .033 1582 79.3 52.5 66 
25 265 15.0 p .033 
26 255 15.0 p .033 
27 286 15.0 p .033 
28 257 15.0 p .033 
29 223 12.2 p .033 1286 72.2 42.4 ~ 59 
September 2 280 13.5 p .033 
3 320 14.6 p .033 
4 280 12.8 p .033 
5 320 14.7 p .033 1200 55.6 39.6 71 
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Table 13~ Production Data Listing (continued) 
-.s:: 
• Ul . 
O·r-i Cl) 
80 p:: . 
8 ~ Cl)'-. ~8 ~ ::r::o ~~ 0 Cl) . ...:10 ...:1(1) ~ 
~ p:: ~ • Ul ~~ ~~ cis ~~ 8 0 0 (.) ~ ~8 ri!::> ~~ 
0 0 z::r:: ~g IL!O 8,::( ~ 0 :I: ~ H- :::::r:: (/)~ :;:r:JP 
September 8 217 8.2 p .033 
9 223 7.2 p .033 
10 264 9.6 p .033 
10 96 3.6 B .0335 
11 288 12.2 B .0335 
12 336 12.5 B .0335 1424 53.3 47.3 89 
15 187 6.7 B .0335 
15 5 .5 p .033 
16 167 7.2 p .033 
17 252 11.1 p .033 
18 287 11.0 p • 033 . 
19 184 7.0 p .033 1082 43.5 35.8 82 
22 203 7.6 p .033 
23 222 8.0 p .033 
24 80 2.8 p .033 
24 112 5.2 B .0335 
25 176 8.0 B .0335 
26 376 15.1 B .0335 1169 46.7 38.9 83 
29 142 3.9 B .0335 
29 120 4.1 p .033 
30 240 8.0 p .033 
October 1 262 7.2 p .033 
2 298 8.0 p .033 
3 241) 6.8 p .033 1302 38.0 43.1 113 
6 265 14.5 p .033 
7 182 8.0 p .033 
8 193 7.3 p .033 
9 210 8.0 p .033 
10 230 8.0 p .033 1080 45.8 35.6 78 
13 175 6.0 p .033 
14 185 7.7 p .033 
15 111 4.3 p .033 
15 68 3.0 B .0335 
16 220 7.3 B .0335 
17 240 8.4 B .0335 999 36.7 33.2 91 
20 192 9.5 B .0335 
21 192 8.7 B .0335 -· 
22 240 8.7 B .0335 
23 240 9.4 B .0335 
24 288 10.3 B .0335 1152 46.6 38.6 83 
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Table 13. Production Data Listing (continued) 
-.c: 
• Ul . 
0 ·r-1 00 
E-tO tl:: . 
8 f:Q Cll'-. ~. E-t ~ :::t:O >t~ 
:::::> Ul . ~:::::> ...:lCI) ~ 
A. p:: J..l • Ul ~A. ~p:; 0~ ~~ E-t :::::> 0 {)J..I ~E-t ~:::> ~A. 
:::::> 0 z::x:: ~8 ~~ E-t..::C ~ 0 ~ ~ H- 00~ S:dP 
October 27 240 8.0 B .0335 
28 250 8.0 B .0335 
29 374 10.2 B .0335 
30 456 11.5 B .0335 
31 294 8.b B .0335 1614 45.7 54.1 118 
November 3 342 8.0 B .0335 
4 445 15.6 B .0335 
4 80 3 . 6 p .033 
5 70 1.4 B .0335 
5 240 6.6 p .033 
6 292 8.0 p .033 
7 298 8.0 p .033 1767 51.2 58.7 115 
10 250 8.0 p .033 
11 280 7.3 p .033 
12 320 8.0 p .033 
13 96 1.3 p .033 
13 181 4.6 B .0335 
14 317 8.0 B .0335 
15 270 8.0 B .0335 1714 45.2 56.9 126 
17 384 14.2 B .0335 
18 378 13.0 B .0335 
19 565 20.0 B .0335 
20 401 13.0 B .0335 
21 144 4.4 B .0335 
21 240 10.2 p .033 
22 320 12.0 p .033 2432 86.8 81.2 94 
24 440 12.5 p .033 
25 304 8.0 p .033 
26 209 8.0 p .033 953 28.5 31.4 110 
December 1 271 7.3 p .033 
2 216 5.6 p .033 
3 225 5.7 p .033 
4 305 7.2 p .033 
5 250 6.5 p .033 1267 32.3 41.8 129 
January 6 240 9.5 B .0335 
7 240 7.7 B .0335 
8 288 8.0 B .0335 -
9 264 8.0 B .0335 1032 33.2 34.6 104 
12 264 8.0 B .0335 
13 264 7.6 B .0335 
14 264 7~0 B .0335 
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Table 14. Quality Data Listing 
Hich Resist. No Contact Total 
Date Wk. 4 Wk. Avg. Wk. 4 Wk. Avg. Wk. 4 Wk. Avg. 
February 8 2 1 3 
16 4 2 6 
23 5 1 6 
March 1 7 4.5 1 1.3 8 5.8 
8 12 4 16 
15 15 1 16 
22 2 1 3 
28 2 7.8 0 1.5 2 9.3 
April 4 7 2 9 
12 6 29 35 
18 1 10 11 
25 1 3.8 2 10.7 3 14.5 
May 2 7 2 9 
9 6 5 11 
16 8 5 13 
23 45 16.5 3 3.8 48 20.3 
30 15 1 16 
June 6 24 4 28 
13 16 58 74 
20 10 16.3 21 21.0 31 37.3 
27 12 27 39 
July 2 4 5 9 
11 11 4 15 
18 21 12.0 1 9.3 22 21.3 
25 4 0 4 
August 1 0 2 2 
8 4 9 13 
15 12 5.0 13 6.0 25 11.0 
22 12 14 26 
29 1 0 1 
September 5 1 0 1 
12 5 4.8 0 3.5 5 8.3 
19 5 4 9 
26 15 1 16 
October 3 15 17 32 
10 5 10.0 0 5.5 5 15.5 
17 9 13 22 
24 2 0 2 
31 1 0 1 
November 7 1 3.3 1 3.5 2 
~6. 8 
15 5 1 6 
22 2 7 9 
26 1 1 2 
December 5 2 2.5 0 2.3 2 4.8 
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Table 13.· Production Data Listing (continued ) 
-..c: . (/) . 
0 ·r-i Cf.l 
E-tO p;:: . 
E-t a:l til' ~ ·~ >t 0:::0 ~~ ~ Cf.l . ~~ rxl Af p;:: ~ . (/) ~A. 0~ ~rxl E-t :::> 0 u~ ~E-t ~:::> rxlAf 
~ 0 zo:: ~8 ~g E-t!d! 
l::t::j 
0 0::: p.. ~-~- (/)~ !:=dP 
January 15 288 8.0 B .0335 
16 384 8.0 B .0335 1464 38.6 49 .0 127 
19 240 12.0 B .0335 
20 240 8.0 B .0335 
21 240 8.5 B .0335 
22 288 8.5 B .0335 
23 288 9.0 B .0335 1296 46.0 43 . 4 9 4 
26 416 11.5 B .0335 
27 448 22.0 B .0335 
28 252 10.2 B .0335 
28 120 4.1 p .033 
29 272 8.0 p .033 
30 288 8.0 p .033 1796 63.8 59.8 94 
64 
Table 14. Quality Data Listing 
Hich Resist. No Contact Total 
Date Wk. 4 Wk. Avg. Wk. 4 Wk. Avg. Wk. 4 Wk. Avg. 
February 8 2 1 3 
16 4 2 6 
23 5 1 6 
March 1 7 4.5 1 1.3 8 5.8 
8 12 4 16 
15 15 1 16 
22 2 1 3 
28 2 7.8 0 1.5 2 9.3 
April 4 7 2 9 
12 6 29 35 
18 1 10 11 
25 1 3.8 2 10.7 3 14.5 
May 2 7 2 9 
9 6 5 11 
16 8 5 13 
23 45 16.5 3 3.8 48 20.3 
30 15 1 16 
June 6 24 4 28 
13 16 58 74 
20 10 16.3 21 21.0 31 37.3 
27 12 27 39 
July 2 4 5 9 
11 11 4 15 
18 21 12.0 1 9.3 22 21.3 
25 4 0 4 
August 1 0 2 2 
8 4 9 13 
15 12 5.0 13 6.0 25 11.0 
22 12 14 26 
29 1 0 1 
September 5 1 0 1 
12 5 4.8 0 3.5 5 8.3 
19 5 4 9 
26 15 1 16 
October 3 15 17 32 
10 5 10.0 0 5.5 5 15.5 
17 9 13 22 
24 2 0 2 
31 1 0 1 
November 7 1 3.3 1 3.5 2 
.... 6. 8 
15 5 1 6 
22 2 7 9 
26 1 1 2 
December 5 2 2.5 0 2.3 
2 4.8 
------------------------------~---
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Table 14. Quality Data Listing (continued) 
Hich Resist. No Contact Total 
Date Wk. 4 Wk. Avg. Wk. 4 Wk. Avg. tVk. 4 Wk. Avg. 
January 9 0 0 0 
16 0 0 0 
23 1 1 2 
30 5 1.5 8 2.3 13 3.8 
66 
APPENDIX B: 
Univel Computer Printout 
3M COMPANY 
PART NAME FOOD SERVICE BOWL SOURCE CODE RE\.JI E : 
OPER DESC. SOLDERING FUNCTION · 
TOOL NO. TOOL DESC .. r-, , 
DWG .. NO .. FAMILY NO .. 
NO. ELEMENT DESCRIPTION --------------------
1 WALK TO SIDE&OBT" STACK OF BOWL BOTTOMS FROM HOLDING TABLE 10.0 FT DIST. 
2 WALK TO SIDE&MOVE STACK OF BOWL BOTTOMS TO SOLDER TABLE 10 .. 0 FT DIST. 
3 OBT. STACK OF BOWL LINERS FROM CART 24 IN DIST, MOVE IT TO TABLE 36 IN DI Sl , 
4 OBT. BOWL BOTTOM FROM STACK 20 IN DIST, MOVE IT TO WORK AREA 20 IN DIST. 
5 0 B T .. B 0 W L. L I N E R F F~ 0 M S T A C I{ :L :; I N DIS T ' M 0 V E IT T 0 W 0 R •< ARE A :l 5 r N D IS T .. 
6 OBT. SCOTCHBRITE FROM TABLE 6 IN DIST, MOVE IT TO LINER 6 IN DIST. 
7 MOVE SCOTCHBRITE TO CLEAN SILVER PAD 3 IN DIST. 
B MOVE SCOTCHBF~ I TE TO OTHEF~ SIDE 3 IN D I ST .. 
9 MOVE SCOTCHBRITE TO CLEAN SIL..VEI:~ PAD 1 IN D I ~:rr .. 
10 MOVE SCOTCHBf~ I TE TO ABIDE 6 IN DIST. 
11 DDT .. PAPEF~ TOWEL FF~OM TABLE 3 IN DIST, MOVE IT TO LINEF~ 6 IN DISl .. 
12 MOVE PAPEr~ TCHJEL.. TO CL EAN SILVEF~ PAD 3 IN DIST .. 
13 MOVE PAPER TOWEL TO OTHER SIDE 3 IN DIST .. 
- 14 MOVE PAPEr~ TOWEL TO CLEAN SILVER PAD 1 IN DIST. 
15 MOVE PAPER TOWEL TO ASIDE 6 IN DIST. 
16 OBT. THERMAL CUT - OUT FROM BOX 12 IN DIST, MOVE IT TO WORK AREA 12 IN DIST .. 
-.17 OB r. LINER Ff\OM C···· D TAPE 2 IN DIST' MOVE Il TO ASIDE 12 1N DIS1. 
18 OBT. BOWL LINER FROM TABLE 6 IN DIST, MOVE IT TO ALIGN cu·r-OUT 3 IN DISTA 
MOVE CUT-OUT TO POSITION ON BOWL LINER 3 IN DIST. 
21 OBT. IRON FROM HOLDER 15 IN DIST, MOVE I"f TO WIPE TIP ON SPONGE '+ IN DlST .. "----
22 MOVE IF~ON TO WIPE 01 HEf\ BIDE OF TIP ON SPONGE 4 IN DIST. 
~3 OBT. SOLDER FHOM DISPENSER 8 IN DISl , MOVE IT ro LINEF\ 8 IN DIS 1 • 
--- -
r 
~) 
) 
ION NO .. I PART--NO .. FS BOWL SOL DE F..: I NG 
DEPT .. 1720 CTf~ .. 4 tlF'ER .. 1 ) . . 
f"'-
lUMBER Of· TOOL-=> JOB CL CREW .. 0 I 
_.H 
u 1 p ENGINEER H.C.HEGGE DATE 06/10/BO CX) : 
,.-; 
)--! 
FREQ. HF\S/PC MIN/PC 
1/ 20 .0000536 • 00~522 ) ,_ 
1/ 20 • 000058<.( .. 003~j3 
) 
! 
. :1./ :1.2 - .. 0000'730 .. 004:~8 I 
1/ 1 • 000495~5 .. 02973 ) 
1/ 1 .. 000452.2. .. 02./13 
\ -
j : 
1/ 1 • 0002:585 .. 01.431 
4/ 1 .000'7188 .. 04~51~5 ) 
1/ 1 .. 0001237 .. 007'L2 
) 
4/ 1 .0006324 .. 0~/94 
1/ 1 .0000742 .00445 ) 
1/ 1 • OOULl /';:, .. 01~305 
) 
4/ 1 .000710B .. 04:313 
1/ 1 .. 000123/ .. 00?42 ) 
4/ 1 • 000(.,324 .OJ/'14 
) 
1/ 1 .. 000.0'742 n 001+45 
1/ 1 .. 0003533 .. 02120 ) 
1/ 1 .. 000/0,5,3 .. 042~!.0 
) 
1/ 1 .. 0002111 .01267 
.. 03136 ) 
~ 
1/ 1 .. 000522/ 
1/ 1 .. UUUl~U'7' .. 00/t>:, 
) 
1/ 1 .0002963 .01"778 
1/ 1 .0001504 .00902 _) . 
l/ l .UUU~LLl • Ul't..5..5 
_) 
I PU. 1 
(~~-= ") 
~- --=""""" 
-- ; rw 
, I• 3M COMPANY 
PART NAME FOOD SERVICE BOWL SOURCE CODE REVI : 
Of'ER DESC. SOLDERING SET F~.C.H .. FUNCTION 
I 
NO. ELEMENT DESCRIF'liON 
24 MOVE IRON TO LINER 15 IN DIST. 
. ' 
25 MOVE SOL. DE!=~ AND IRON TO DEPOSIT SOLDEF~ ON PAD 1 IN DIST. 
26 SOLDER MELT TIME ,, 
27 MOVE SOLDER TO TABLE 3 IN DIST .. ~ 
: 
28 OBT .. BOWL L. I NEf~ FF~OM TABLE 3 . IN DIST, MOVE IT TO OTHER SIDE ~~ IN DIST" I 
29 OBT. SOLDEF~ FROM TABLE 6 IN DIST, MOVE IT TO L INEF< 6 IN DIST" 
-
30 MOVE SOLDER AN [I I r~ON TO DEPOSIT SOLDER ON PAD 1 IN [liST. 
31 MOVE SOLDEF~ TO TAI{LE 8 IN DIST. 
32 OBT. BOWL LINEF~ FROM TABLE 6 IN DIST, MOVE IT TO SOLDEF~ C···O LEAD 4 IN l:liS T ,' 
33 MOVE IF~ON TO WIPE TIP ON SPONGE 15 IN DIST. 
; 
34 MOVE IF~ON TO WIPE OTHER SIDE OF TIP ON SPONGE i't IN DIST. ·-
35 MOVE IRON TO SOLDEF\ 12 IN DIST. 
,_ 
36 OBT .. CUT ··- OUT LEAD FROM LINER ' ") ,._ IN DIST, MOVE IT TO SOLDEf( PAD '") .:.. IN D:CST .. 
,_ 37 MOVE IF\ON TO SDL.DEF~ CONNECTION 2 IN DIST. 
38 SOLDER PROCESS TIME 
1-
1-
39 MOVE BOL.JL L. I NEF\ TO BOWL BOTTOM 6 IN DlST .. 
40 OBT. HAf~NESS LEA D FR OM BOTTOM 3 IN DIST, MOVE IT TO SOL DEl~ PAD 3 IN DIST. 
- 41 MOVE IRON TO SOLDEF< CONNECTION '") IN DIST. .:.. 
1_42 MOVE IRON BAC~{ TO HOLDER 11::" ,J IN DIST .. 
43 OBT. LEAD FF\OM BOTTOM 2 IN DIST, MOVE IT TO BEND INTO POSITION 1 IN DISTa 
--44 OBT. BOTTOM AND L.INEf\ FROM TABLE 3 IN DIST, MOVE THEM TO ASSEMBLE 6 IN DI 
--45 OBT. COMMON LEAD FROM BOTTOM 2 IN DIST, MOVE IT TO SOLDER PAD 2 IN DIST. 
46 OBT .. IRON FROM HOLDER 15 IN DIST, MOVE IT TO SOLDER CONNECTION 15 IN DI Sl' · 
f 
1--
15 IN DIST. -.47 MOVE I RON BAC~{ TO HOLDEF~ 
1..._ -
~ ..... 
t 
IL--' 
) i 
I ') 
SION NO. I f"ART MM NU. FS BOWL SOLDEF~ I NG 
DEPT. 1720 erR .. 4 OPEF~ .. 1 ) . ' 
I 
Ff\EQ. HRS/F'C MIN/PC ") I 
II SIM 1/ 1 .. 0002695 .016:l7 
.. ) 
1/ 1 • 0005169 .. 03101 . ' 
V02 4/ 1 .001666"7 .. 10000 ) 
.. 
1/ 1 .. 0000'75'7 .. 00454 
) ~ 
1/ 1 - .. 0001961 .. 0117'7 
I 
1/ 1 .0002865 .. 01.719 ) 
~51 1 .. OO:l550/ .. o<J~504 
) 
1/ 1 .0001298 .. 00779 
l 
1/ 1 .0002220 .. 013::S2 ) 
I 11 1 .0002695 N 01.617 _) 
L 1/ 1 .0001504 .. 00902 
i 
1/ 1 .0002930 .. 01758 ) 
2/ 1 .. 0009464 .. 056/8 
) 
2/ 1 .. 0007'7<?4 .. 04676 
V02 4/ 1 .. 0033333 .. 20000 ) 
) 
1/ 1 .. 0001.6:54 .. oo<rso 
1/ 1 .0004910 .02946 ) 
1/ 1 .0003897 .02338 
) 
1/ 1 .000325~ .. o:t<J53 
1/ 1 .0002014 .01208 )~ 
ST. 17 :l .0004155 ,. 024r,>3 
J 
1/ 1 .0004732 .02839 
1/ 1 .0006764 .. 04058 ) 
f 
1 1 .00032~5 .01953 
) 
PG. •') .:.. 
~· 
) ~ 
3M C0~1PANY 
PART NAME FOOD SERVICE BOWL SOUF\CE CODE F~Ev :r:s .. 
OPER DESC. SOLDERING SET R .. C.H .. FUNC 'VION 
NO. ELEMENT DESCRIPTION 
48 OBT. LEAD FROM TOP 15 IN DIST, MOVE IT TO BEND INTO PROPER POSITION 1 IN DI 
49 OBT. LINER AND BOTTOM FROM TABLE 4 IN DIST, MOVE THEM TO ASSEMBLE 6 IN DIS ·: 
LINER MUST BE ROTATED 1/4 TURN FOR PROPER ORIENTATION 
50 MOVE BOWL ASSEMBLY TO TABLE ~ IN DIST. 
----------------------------------------
5! OBT. ALCOHOL BOTTLE FROM TABLE 12 IN DIST, MOVE IT TO CLOTH 4 IN DIST .. 
52 MOVE BOTTLE TO APPLY ALCOHOL. TO CLOTH 3 IN DIST. 
53 MOVE ALCOHOL BOTTLE TO ASIDE 12 IN DIST. 
54 OBT. CLEANING CLOTH Fr\OM TABLE 8 IN ItiST, MOVE IT TO GROMMET 8 IN ItiST. 
55 MOVE CLOTH TO CLEAN GROMMET 4 IN DIST. 
56 MOVE CLOTH lD ASIDE 8 IN [liST. 
57 MOVE BOWL ASSE~BL.Y TO ASIDE 18 IN DIST. 
MAN. RA - 1~%, DA - 10%, MAtH. RA - 13%, DA = lOX 
F NO .. 9046 23 .. 0 PER CENT ALLOW .. 
58 F NO. 8955 MACH VS MAN INC TIME .005000 MACH NORMAL. TIME - HRS 13 .. 0 
---------------~~~ ~~rni~~~TTMC----~KT.~~~~-r~~~~~~----------:(0 .. 0 %-.. [lA II ON MACH.. TI E "006997 MACH INC T IME:. .. MHF\8 
.. 03090 HRS/ PC 
) 
ON NO .. I PAt=~"f···· NO .. FB BOWL SOLDEF~ING 
DEPT .. 1720 CTR. 4 OPEre. 1 ) 
en 
FHE:f.a. HF\B/PC MIN/PC :~ 
00 
>T .. 17 1 n00029:..?.4 .. 017~.-,.t~ ~; 
~ 
r" j_/ 1 .0004195 .. 02517 
) 
) 
1/ . l. .0000954 .00572 
1/ 1 .. 0002656 .. O:L~j94 ) 
) 
:l/ 1 • 000 17<~~; nO:l077 
1/ 1 .0003191 .01915 ) 
) 
1/ 1 .0000958 • ()05"75 
1/ 1 .. 0003046 .. 01828 ) 
_) 
) 
) 
.004.4698 .. 268l.<J 
i~"F\A" ON MACH TIME _) 
) 
:32.4 PCS/HOUR TOTAL. .. 03090 1.B54 
F'G .. 3 _) 
_) 
_) 
-\ _..J 
I A 4 1720 H.C.H .. 
B FOOD SEF~VICI::: BOWL 
C SOLDEf\ I NG 
0020 122 10'+ -
0030 1:22 :LO 4 
0040 1211 44 
0041 1211 32 
0042 1211 . 3~~ 
0043 1211 23 
0044 111 4 
0045 111 3 
0046 111 4 
0047 111 :l 
0048 
004<)) 
0050 
0051 
0052 
0055 
0060 
0070 
0080 
0090 
0100 
0110 
0120 
0130 
0140 
1211 
111 
111 
111 
111 
1211 
1211 
1211 
111 
111 
1211 
111 
1211 
111 
111 
23 
3 
4 
1 
41 
'72 
32 
7 
3 
23 
3 
33 
3 
7 
014502C,SOLDEf< 
0150 111 2 
0160 1211 23 
0170 1211 33 
0180 111 7 
0190 111 2 
0200 1211 32 
0210 111 3 
0215 111 3 
0218 111 4 
_0220 1211 36 
18 
24 
24 
20 
15 
6 
:3 
3 
1 
3 
1 
6 
12 
2 
6 
3 
3 
15 
4 
8 
1~ 
1 
MELT 
3 
3 
6 
1 
8 
6 
15 
4 
12 
2 ,., ... 
3f.> 
20 
15 
6 
6 
12 
12 
4 
TIME 
3 
6 
4 
100 
100 
0230 111 6 
024002C ,SOLDER 
0250 c 
PROCESS TI ME 
-0260 111 3 
0270 1211 36 
0280 111 6 
-0290 111 4 
0300 1211 33 
031 0 1211 35 
0320 1211 36 
0330 1211 26 
0340 111 4 
6 
~5 
2 
15 
2 
3 
2 
15 
15 
1 
6 
2 
15 
~350 1211 33 15 1 
0360 1211 35 4 6 
0370 C LINER MUST BE ROTATED 
0380 c -- ON 
0390 c 
60 
60 
40 
::5 
2 
2 
") ... 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 .. 1 
1 1 
1 1 
4 3 
1 1 
4 3 
3 6 
3 6 
1 
3 
1 
4 
1 
3 
1 
4 
3 
3 
3 
:l 
3 
2 
6 
6 
1 
4 
2 
6 
1 
3 
6 
6 
6 
1 
6 
4 3 
1 1 
3 6 
3 6 
1 1 
8 4 
1 1 
3 6 
3 6 
1 1 
8 3 
1/4 TURN 
061080 FS BOWL SOLDERING 1 t=;:U1 P 
R .. C .. I··IEGGE 
1020,STACK OF BOWL BOTlOMS,HOLDING TABL E 
1020,STACK OF BOWL BOTTOMS,SOLDER TABLE 
1012,STACK OF BOWL LINERSvCART,IT,TABLE 
,BOWL BOTTOM,STACK,IT,WORK AREA 
,BOWL LINER,STACK,IT,WORK AREA 
,SCOTCHBRITEvTABLE,ITvLINER 
4001,SCOTCHBRITE,CLEAN SILVER PAD 
,SCOTCHBRITEvOTHER SIDE 
4001,SCOTCHBRITE,CLEAN SILVER PAD 
,SCOTCHBRITE,ASIDE 
,PAPER TOWEL,TABLE,IT,LINER 
4001,PAPER TOWEL,CLEAN SILVER PAD 
,PAPER TOWEL,OTHER SIDE 
4001,PAPER TOWEL,CLEAN SILVER PAD 
,PAPER TOWEL,ASIDE 
,THERMAL CUT-OUT,BOX,IT,WURK AREA 
,LINER,C-0 TAPE,IT,ASIDE 
,BOWL LINER,TABLE,IT,ALIGN CUT··-OUT 
,cuT-OUT,POSITION ON BOWL LINER 
,BOWL LINER,REST ON BOWL BOTTOM 
,IRON,HOLDER,IT,WIPE TIP ON SPONGE 
,IRQN,WIPE OTHER SIDE OF TIP ON SPONGE 
?SULDER,DISPENSER,IT,LINER 
,IF\ON,LINER 
,SOLDER AND IRON,DEPOSIT SOLDER ON PAD 
4001 0 2500 
,SOLDER,TABLE 
,BOWL LINER,TABLE,IT,OfHER SIDE 
,SOLDER,TABLE,IT,LINER 
3001,SOLDER AND IRON,DEPOSIT SOLDER ON P AD 
, SOLDEf\' TABLE 
,BOWL LINERvTABLE,IT,SOLDER C-0 LE AD 
tiRON,WIPE TIP ON SPONGE 
,IRON,WIPE OTHER SIDE OF TIP ON SPONGE 
, If'~ON, SOLltER 
2001,CUT-OUT LEAD,LINER,IT,SOLDER PAD 
2001,IRON,SOLDER CONNECTION 
4001 050 00 
,BOWL LINER,BOWL BOftOM 
,HARNESS LEAD,BOTTOM,IT,SOLDER PAD 
,IRON,SOLDER CONNECTION 
,IRON BACK,AOLDER 
,LEAD,BOTTQM,IT,BEND INTO POSITION 
,BOTTOM AND LINER,TABLE,THEM,ASSEMBLE 
,COMMON LEAD.,BOilOM,It,SOLDER PAD 
, I RON' HOLDER' IT' SOLDE~R CONNECT I ON 
,IRON BACK,HOLDER 
,[EAD,TOP,!T,BEND INTO PROPER POSit i ON 
tLINER AND BOTTOM,TABLE,THEM,ASSEMBLE 
FOR PROPER ORIENTATI 
" 0400 1 :l1 '") .:.. 4 8 3 , BO~JL ASSEMBL..Y,TABLE 
04:1.0 :1.211 2:3 l.2 4 2 ··z ... , ,ALCOHOL BOTTL.E,TABL..E,IT,CL.OTH 
0420 111 3 3 2 3 , BOTTLE, Af-'F'L Y ALCOHOL TO CLOTH 
0430 111 '") .:.. :1.2 I) .:.. 3 .,ALCOHOL BOTTL.E,ASIDE 
0440 1211 :·53 B 8 1 1 vCLEANING CLOTHrTABLE,IT.,GROMMET' 
0450 111. 3 4 1 1 8001rCLOTH,CL.EAN GF~OMMET 
0460 111 1 8 1 1 rCLUTH,ASIDE 
04.70 111 3 18 8 6 .. BOWL. ASSEMBLYrASIDE 
0480 c I 
0490 c MAN .. F~A ·- 13%, liA "" 10%, MACH. RA -· 13%'1 DA = 10% 
0500 F, 90'+6 
0510FFF,8955 1 1 1 :L30 1 1 100 1 1 0 0 0 () 0 11000 
9999 E 
~ 
_, 
3M COMPANY 
PART NAME FOOll SEt\VICE BOWL. SOUt\CE CODE F~EVI : : 
Of'ER DESC .. APPLY FOAM TAPE TO THEF<~if.~L CUT-·OUT SET R .. C .. H .. FUNCTiON 
TOOL NO. TOOL DESC. i ' 
I 
[IWG. NO. FAMILY NO. t:-.:ATE:: TYPE I 
NO. ELEMENT DESCRIPTION 
1 MOVE I-lAND TO FDAM TAPE 'DISPENSER HANDLE 12 IN DIST. 
,., 
,:_ MOVE It I SPENSEF< HANDLE TO DISPENSE FOAM TAPE '"> .:.. IN DIST. 
~ 
3 MOVE HAND TO f\ETURN DISF'ENSEF\ HANDLE 2 IN DIST. 
I 
'+ OBT. CUT-·OUT FF<OM BOX 12 IN Disr. MOVE IT TO SCOTCHBF~ I TE PAD 12 IN DIST .. 
5 MOVE HAN[I TO HOLD SCOTCHBRITE PAD 6 IN DlST .. 
6 MOVE CUT -- OUT TO CLEAN CONTACT SUf<FACE 2 IN [tiST .. 
. , 
7 OBT. TAPE FROM DISPENSER 12 IN ItiST, MOVE IT TO APPLY TO CUT-OUT 12 IN It Is· : 
8 MOVE ASSEMBLY TO ASIDE. TO BOX 12 IN DIST. 
REST ALOWANCE - 13%, DELAY ALLOWANCE - 10/. 
.. 
F NO. 9046 23 .. 0 PER CENT ALLOW. 
- .00259 HRS/ PC 
.. 
- . . 
-
~ 
-
·-
- .-.... . 
i -. 
- ~  
i 
~ 
i 
) 
) 
piON NO .. I PAF~T-·· NO .. FS BOWL--TAPE CUT-··OlJT 
DEP f. 17::!0 erR .. 4 OF'ER .. j_ ) 
NUMBER OF TOOLS JOB CL C~~EW 
) I 
~ u 1 F' ENGINEEF\ H .. C .. I-lEGGE DATE 06/ :l2/BO 
) 
FF~EQ .. HRS/PC MIN/PC 
1/ 10 .. 00001"73 .. OO:L04 ) .. 
1/ 1 • 0000~325 .. 00195 
) ~ 
:L/ 1 - .0000:509 .. 00185 
I 
1/ 1 .0003873 .. 02324 ) .. .. 
SIM :L/ 1 . .. 0001082 .. 0064<1 
) 
4/ 1 .0006756 .. 04054 
. , 
~- 1/ 1 .000"7893 • 0J'+736 ) 
1/ 1 .0001730 .01038 
) 
SUB TOT .. 0021059 .12635 
) 
) 
TOTAL .. 0021059 .12635 
.. 0004843 .. 02906 ) 
:586.1 PCS/HOUf~ TOTAL .00259 .155 
_) 
PG. 1 
) 
. . 
_) 
~ 
_) 
J 
_) 
, 
• 
_) 
·-· 
) 
·.,.=:'-:: 
~"' I I 
A 4 1?20 R .. C .. H .. 061280 FS BOWL-TAPE CUT·-DUT 1 RU1 F' I 
B FOOD SERVICE BOWL F~ .. C .. HEGGE l c APPLY FOAM TAPE TO THEr-\:MAL CUT-OUT 
0020 111. 2 1.2 1 1 1010,HAND,FOAM TAPE DISPENSER HANDLE . 
0030 111 1 2 a::" J 1 ,DISPENSER HANDLE,ItiSPENSE t-="OAM TAPE 
0040 111 1 2 1 1 ,HAND,HETURN It I SPENSEF.: HANDLE I 
0050 1211 42 1'~) 12 1 1 ~cuT-OUT,BOX,IT ,SCOTCHBRITE PAD I ... _ 
0055 :l1 :l I ') .:.. b :l 1 :HAND,HOL.D SCOTCHBF~ I TE PAD 
0060 111 4 '> A.. 1 1 4001,CUT-OUT,C~EAN CONTACT SUF\FACE 
0070 121.1 ~57 1':> .... :1.2 1 1 , TAPE, D I SPENSEf~, I.,., APF'L Y TO CUT····OU l 
0080 111 2 1 ':> 1 1 .. ASSEMBLY,ASIDE TO BOX ..... 
I 0090 c 
0100 c F~EST Al..CHJANCE - 13%, DELAY ALLOWANCE ::: 10i{: l 
0110 F,9046 
I 9999 E . 
I 
I 
I 
--' 
1- I 
I - I 
......_ 
~ I 
I 
-
.._ 
~ 
........ 
!'--... 
~ - I 
·ii' r!'l'" 
/ 
~~M COMPANY 
PART NAME FOOD SEF~VICE PLATE SOUF~CE CODE F~EVl 
OP ER DESC .. SOLDEF~ING SET F\ .. C .. H. FUNCTIO~ 
: 
TOOL NO. TOOL DESC. 
I 
DWG .. NO .. FAMILY NO .. F\AT£ TYPE : 
NO . ELEMENT DE::SCF~ I PT I ON 
1 WAL•< TO SIDE~OBT .. STAC•< OF PLATE BOTTOMS FROM HOLDING TABLE 10 .. 0 FT DIBT .. .. 
2 WAL•< TO SIDE~MOVE STACH OF PLATE BOTTOMS TO SOLDEF\ TABLE 10 .. 0 FT ItiST .. 
~ 
3 OBT .. STAC•< OF PLATE L. I NEF\S FFHJM CAF\T 24 IN DIST, MOVE IT TO TABLE 36 IN DI 
I 
4 OBT .. PLATE BOTTOM FF\OM STACH 20 IN DIST, MOVE lT TO WCJR•< AI~EA 20 IN DIST .. 
5 OBT. PLATE LINEF\ FROM STAC.{ 15 IN DIST, MOVE IT TO WOF~·{ AREA 15 IN DIST .. 
6 OBT .. SCOTCHBF~ I TE FF\OM TABLE 8 IN DisT, MOVE IT TO LINEr~ 8 IN DIST .. 
7 MOVE SCOTCHBF~ I TE TO CLEAN SILV£F\ PADS 4 IN DIST .. 
8 MOVE SCOTCHBRITE TO OTHEr~ SIDE OF LINEr\ 6 IN DIST .. 
9 MOVE SCOTCHBr\ I TE TO CLEAN SILVER PAD 1 IN DIST .. 
10 MOVE SCOTCHBF~ITE TO ASIDE 8 IN DIST .. 
11 OBT .. PAPER TOWEL FROM TABLE 8 IN DIST, MOVE IT TO LINEF\ 8 IN DIST .. 
12 MOVE PAPEF\ TOWEL TO CLEAN SILVER PADS 4 IN DIST .. -
13 MOVE PAPER TOWEL TO OTHEF\ SIDE OF LINEf~ 6 IN DIST. 
-
1 '• MOVE PAPEF\ TOWEL TO CLEAN SILVEF\ PAD 1. IN DIST. 
15 - MOVE PAF'Ef~ TOWEL TO ASIDE B IN DIST .. ' . 
16 OBT .. IRON FF~OM HOLDEF\ 15 IN DIST, MOVE IT TO WIPE TIP ON Sf-'ONGE 4 IN DIST. 
- 17 MOVE IRON TO WI PE OTHER SIDE OF TIP ON SPONGE 4 IN DIST .. . . 
- 18 OBT .. SOLDER FI~OM DISPENSER 8 IN DIST, MOVE IT TO LINEF\ 8 IN DIST. 
19 MOVE IRON TO LINEF\ 15 IN DIST. ~ 
--20 MOVE SOLDEr\ AND Ir~oN TO DEPOSIT SOLDEF~ ON PAD 1 IN DIST. 
-21 SOLDER MELT TIME I 
22 MOVE SOLDER AND If.:ON TO OTHER SIDE OF LINEr.: 6 IN DIST. 
, --23 MOVE SOLDER AND IRON TO DEPOSIT SOLDER ON PAD 1 I-N DIST .. -
I.._ -
- 1 
I 
~ 
) 
) 
SION NO. I PAr\T -·NO. FS PLATE SOLrrEr~ I NG 
~ DEPT .. 1.720 CTR. '• OF'ER. 1 ) 
NUMBEr~ OF TOOLS JOH CL CF~EW 
) ' 
F\ u 1 p ENGINEER r~ .. C .. I-lEGGE DATE 06/09/80 
) 
FREf.~ .. Hr~S/PC MIN/PC .. 
1/ 20 .. 0000539 • 0032:~ _) 
1/ 20 .000060B .. oo:~65 
) ~ 
ST .. j_/ 2Q .. 0000Lt81 ..00289 
I 
.. 
1/ 1 .0006514 II 03<;>()B ) . . 
1/ 1 110005638 .. 03~58~5 
) 
1/ 1 II 00027'+1 .01645 
4/ 1 .000/624 .04!5'74 ) 
1/ 1 .0001562 .. 00937 
) 
4/ 1 .. 0006~32'+ .. 0~5794 
1/ 1 .. 0000958 .. 005"75 ) 
I 
1/ 1 .. 0002741 .. 01645 
J 
4/ 1 .. 0007624 .. 045.7'+ 
:l/ 1 .0001562 .00937 J 
4/ 1 ~~ -00()6324 • o:~794 
) 
1/ 1 .. OOOO<"J58 .005'15 
1/ 1 .. 0002963 .. 01778 _) 
17 1 .0001504 .00902 .. 
_) 
1/ 1 .0003191 .. 01S\15 
BIM 1/ 1 .0002695 .01617 _)--
. 
4/ 1 .OOZ0676 ..12406 
_) 
V02 5/ 1 110020833 .12500 
1/ 1 .0001720 1101032 _) 
. 
1/ 1 .1>00516<7 • 03101 
J 
PG. 1 
~ .. ) ~__,;,I 
3M COMPANY 
PART NAME FOOD SERVICE PLATE SOURCE CODE REVI : 
OPER DESC. SOLDERING SET R.C.H .. FUNCTION · 
NO. ELEMENT DESCRIPTION 
24 MOVE SOLDER TO ASIDE B IN DIST. 
25 OBT. C-0 LEAD FROM BOTTOM 6 lN DIST, MOVE IT TO SOLDER PAD 3 IN DIST. 
26 MOVE IRON TO SOLDER CONNECTION 1 IN DIST. 
27 SOLDER PROCESS TIME 
28 MOVE IRON TO SPONGE TO WIPE _TIP 15 IN DIST. 
29 MOVE IRON TO WIPE OTHER SIDE OF TIP ON SPONGE 4 IN DIST. 
30 MOVE IRON TO SOLDER 12 IN DIST. 
31 OBT. DOUBLE STF~IPPED LEAD FROM HARNESS 6 IN DIST, MOVE IT TO PAD 3 IN DIS 'T 
32 MOVE IRON TO SOL DEl~ CONNECTION 1 IN DIST. 
33 OBT. 2ND STRIPPED SECTION FF~OM LOCt3 2 IN DIST, MOVE IT TO SOLDE:.f\ PAI.t ]. I i\ . 
34 MOVE IRON BAC~{ TO HOLDER 1.::-~J IN DIST .. 
35 OBT. C-··0 LEADS FROM BOTTOM 3 IN DIST, MOVE THEM TO PF\OPER LOCATION 1 IN DI 
36 OBT .. c-o LEADS TO ~{EEP THEM FROM MOVING 15 IN DIST. 
37 MOVE c--o LEADS TO BEND THEM INTO POSITION 2 IN DIST. -
38 OBT. OTHER LEADS FROM LINER 2 IN DIST, MOVE THEM TO BEND AT CORNEl~ 1 IN DI 
39 OBT. BOTTOM AND LINER FROM TABLE 6 IN DIST, MOVE THEM TO ASSEMBLE 10 IN D 
40 OBT. COMMON LEAD FROM BOTTOM 2 IN DIST, MOVE IT TO SOLDEF~ PAD ' ' ) .:.. IN DIST • 
41 OBT. IF.: ON FF.:OM HOLDEr.: 15 IN [tlST, MOVE IT TO SOLDEr.: CONNECTION 15 IN DIST .. 
42 MOVE If\ ON BACF{ ro HOLDER 15 IN [tl s l . 
43 OBT. PLATE LINEr~ AND BOTTOM FROM SIDE 15 IN DIST. -
44 OBT. LEAD FROM TOP 2 IN DIST, MOVE IT TO BEND INTO PROPER F'OSITION 1 IN DI 
45 OBT. LINER AND BOT10M FROM SIDES 3 IN DISf, MOVE 1AEM TO lOGE I HER 1 IN [11 
46 MOVE PLATE ASSEMBLY TO TABLE 6 IN DIST .. -
47 OBT .. ALCOHL BOTTLE FF~OM TABLE 12 IN DIST, MOVE IT TO CLEANING CLOTH 4 IN I' 
48 MOVE BOTTLE TO APPLY ALCOHOL TO CLOTH 3 IN Disf. ~ 
- . 
- -- - - -I 
·_) 
I 
) 
SION NO. I PART-··NO. FS PLATE SOLDERING 
DEPT .. 1"120 CTI~. 4 Of'Ef(. 1 ) 
("f) 
FREQ. HRS/PC MIN/PC g I 
00 
II 
1/ 1 • 0000(758 a 005.75 M 
)-1 
II 2/ 1 .. 00 10::.~40 .. 06 :l 4Lt 
[j 
I:! 2/ 1 .. 000"/578 .. 04547 ) 
V02 5/ 1 .0041667 .25000 
) ! 
1/ 1 .0002695 .. 01617 -
I 
1/ 1 .. 0001504 .00902 ) 
1/ 1 • ooo.z~13o .0175B 
) 
. 1/ 1 .0005120 .. 03()"72 
2/ 1 .00075.78 .. 045'•l ) 
DIST. 1/ l • OOO.tt6 .. ?."+ .. 02.//.t't 
) 
1/ 1 .. 000325~j .. 01953 
ST .. 1/ 1 • . 000253Lt .01520 ) 
blM 1/ 1 .. 0001 <]03 .. 01142 
) 
1/ 1 .. 0002519 .01511 
ST. 3/ 1 .. 0006042 .. o::S625 ) 
ISl. 1/ 1 .0004883 .02930 
) 
1/ 1 .000.4"732 .02839 
.. 
1/ 1 • 000671.>'• .. 04058 ) 
17 1 .0003255 .019!')3 
) 
.. 
1/ 1 .. 0001903 .01142 
ST. :l/ 1 .. 0002014 .. 0120B ) ~ 
b I .. 1/ 1 • UUU16'7'"'t ,.U1Vl6 
_) 
1/ 1 .0001694 .01016 
IST. 1/ 1 .0002677 .01606 ) 
1/ 1 ,.UVV1,j1~ .. UV/t:H:S 
) 
PG. 2 
. ) j' ~ 
.. i 
- 3M COMPANY ' 
PART NAME FOOD SEF..:VICE PLATE SOUF..:CE CODE REV! 
OF'ER DESC. SOLDERING SET f<.C .. H .. FUNCTION · 
I 
I 
NO. ELEMENT DESCF< IF'T ION 
49 MOVE ALCOHOL. BOTTLE TO ASIDE 12 IN DIST. 
50 OBT. CLEANING CLOTH FROM TABLE 8 IN DIST, MOVE IT TO GROMMET 8 IN DIST. 
51 MOVE CLOTH TO CLEAN GROMMET 6 IN DIST. 
52 MOVE CLOTH TO ASIDE 8 IN DIST. 
! 
53 MOVE PLATE ASSEMBLY TO ASIDE- 18 IN DIST. 
I 
. . 
MAN.RA = 13/., DA = 10/., MACH.RA = 13/., DA = 10/. 
F NO .. 9046 23 .. 0 PER CENT ALLOW. 
5·'+ F NO. 8955 MACH vs MAN INC TIME .006250 MACH NORMAL TIME -·+IF..:S 13 .. 0 
10 .. 0 /."DA"ON MACH. TIME .008"746 MACH INC TIME-HRS 
.03303 HRS/ PC 
. 
-
. . 
~ 
' ... 
I .. 
f • 
~ liE- fi -.-: 
~ -· 
II ') 'i 
) 
SICJN NO .. / PAF(f -- NO. FS PLATE SOLDERING 
DEPT. 1720 CTl~. 4 OPER" 1 _) 
FF~EQ. HF<S/PC MIN/PC ) I 
1/ 1 .. 0001809 .. 010B~ 
) 
1/ 1 .. 0003191 .. 01915 
8/ 1 .0012496 .07498 ) 
1/ 1 .0()00958 .00575 
) ~ 
1/ 1 ~ .0003062 .01837 
I 
SUBTOT .. 0197443 1.18466 ) 
' ' 
) 
TOTAL .. 0197443 1.18466 ) 
: 
.0045411 .27247 
) 
/."RA" ON MACH TIME 
1.000 .. 0087469 .52481 ) 
30.3 PCS/I-IOUF< TOTAL .03303 1.982 
) 
F'G .. :5 
) 
) 
) 
) 
' . 
~ 
_) 
) 
-
) 
- . 
) 
1 ' ~ 
. ) 
· ~ . ~- -~ 
~ 
-~----
) A 4 1720 H.C.H. 060980 FS PLATE SOLDEF.:ING 1 I~Ui. p 
B FOOD SEf.:VICE PLATE r~. C. HEGBE 
c SOLDERING 
0020 122 104 18 100 90 6 :l020, STACI< DF PLATE BOTTOMS,HOLDING ·y ABLE 
0030 122 i.O '• 24 :LOO 90 6 1020, STAC•{ OF PLATE BOTTOMS,SOLIIER TABLE 0040 1211 44 24 36 120 4 1020, STAC.{ OF PLATE LINERS,CART,ITrTABLE 
0050 1211 L+4 20 20 4 6 ,f'L.ATE BOTTOM,STACK,ITrWORK AREA 
0060 1211 44 15 15 6 6 ,PLATE LINERvSTACK,IT,WORK AREA 
0070 1211 2,3 8 8 1 1 ,SCOTCHBRITE,TABLE,IT,LINER 
0080 111 Lf 4 1 1 4001,SCOTCHBRITE,CLEAN SIL..VEI~ PADS 
0090 111 :.5 6 1 1 ,SCOTCHBRITErOTHER SIDE OF LINER 
0100 111 4 1 1 1 4001,SCOTCHBRITE,CLEAN SILVER PAll 
0110 111 1 8 1 1 ,sCOTCHBRITE,ASIDE 
0120 1211 23 8 8 1 1 ,PAPER TOWELrTABLE,IT,LINER 
0130 111 4 4 1 1 4001,PAPER TOWEL,CLEAN SILVEF~ PADS 
0140 111 3 6 1 1 ,PAF"Ek TOWEL,OTHER SIDE OF LINER 
0150 111 4 1 1 1 4001,f'APER TOWEL,CLEAN SILVER PAD I 0160 111 1 8 1 - 1 ,PAPER TOWEL,ASIDE 
0170 1211 23 15 4 3 6 ,IRQN,HOLDER,IT,WIPE TIP ON SPONGE 
0180 111 3 4 3 6 ,IRON,WIF'E OTHER SIDE OF TIP ON SPONGE 
01<70 1211 33 8 8 1 1 ?SOLDERtDISPENSER,IT,LINER 
0200 111 3 15 3 6 , If\ON, LINER 
0210 111 7 1 3 6 4001,SOLDER AND IRON,ItEPOSIT SOLDEf\ ON PAD 
021502C,SOLDER MELT TIME 5001 02500 
0220 111 3 6 3 6 ,SOLDER AND IRON,OTHER SIDE OF LINER 
0230 111 l 1 3 6 , SOLDEr.: AND IRON,DEF'OSIT SOLDER ON PAD 
0240 111 1 8 1 1 ,SOLDER,ASIDE 
0250 1211 36 6 3 1 1 2001, C·-·0 LEAD,BOTlOM,IT,SOLDER PAD 
0260 111 6 1 3 6 2001,IRON,SOLDER CONNECTION 
027002C, SOLDEf\ Pf\OCESS TIME 5001 05000 
0275 111 3 15 3 6 ,IRON,SPONGE TO WIPE TIP 
0280 111 3 4 3 6 ,IRON,WIF'E OTHER SIDE OF T If-• ON SPONGE 
0285 111 4 12 3 6 ,IRON,SOLDE~ 
0290 1211 36 6 3 1 1 ,DOUBLE STRIPPED LEAD,HARNESS,tT,PAD 
0300 111 6 1 ~3 6 2001,IRON,SOLDER CONNECTION 
0310 1211 36 2 1 1 1 ,2ND STRIPPED SECTIQN,,IT,SOLDER PAD 
0320 111 4 15 3 6 ,IRON BACf{, HOLDER 
0330 1211 43 3 1 1 1 ?C-··0 LEADS,BOTTOM,THEM,PROPER LOCATION 
0340 111 3 15 1 1 ,c-o LEADS TO •<EEP THEM,MOVING 
0350 111 5 2 1 1 f (.;u-0 LEADS,BEND THEM INlO POSITION 
0360 1211 33 2 1 1 1 3001,0THER LEADStLINER,THEM,BEND AT CORNER 
0370 1211 35 6 10 11 6 ,BOTTOM .AND LINERrTABLE,THEM,ASSEMBLE 
0380 1211 36 2 ·j ~ 1 1 ,coMMON LEAD,BOTTQM,It,SOLDER I··' AD 
0390 1211 26 15 15 3 6 ,IRUN,HOLDER,IT,SOLitER CONNECTION 
0400 111 4 15 3 6 ,IRON BAC~{, HULDEf< - 0410 111 3 15 1 1 ,PLATE LINER AND BOT10H,siDE 
0420 1211 33 2 1 1 1 ,LEAit,TOP,IT,BEND INTO Pf\OF'ER POSITION 
0430 1211 32 3 1 1 4 ,LINER AND BOTTQM,SIDES~THEM,TOGETHER - 0440 111 3 6 11 4 ,PLATE ASSEMBLY, 1 ABLE: 
0450 1211 23 12 4 5 3 ,ALCCJHL BOTTLE,TABLE,IT,CLEANING CLOTH 
0460 111 3 3 5 3 ,BQTfLE,APPLY ALCOHOL TO CLOTH - 0470 111 2 l""" 5 3 ,ALCOHOL BOTTLE,ASIDE ~
0480 1211 33 8 8 1 1 ,CLEANING CLOTH,TABLE,IT,GROMMET 
0490 111 3 6 1 1 B001,CLOTH,CLEAN GROMMET - 0500 111 1 8 1 1 ,CLOtA,ASIDE 
0510 111 3 18 11 6 .PLATE ASSEMBLY,ASIDE 
~ 
.. 
~£ -
IT" 
' I r 0520 c 
0530 c MAN .I~A ··- 13i~, DA .... 10%, MACH. F~A ·-· 13/., DA -·· 10% 
0540 F, <.i>O't6 
0550FFF', 895:i 1 1 1 130 1 1 1.00 1 1 0 0 0 0 0 11000 
9999 E 
I 
~ 
I 
~ 
.. 
- . . 
i 
- -~ 
-
-
- ~ 
. ... 
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APPENDIX C: 
Minitab Computer Printout 
80 
COLUMN C1 C2 C3 C·lt c~~ CIJ 
COUNT 22 26 :L 0 '') ,., ....... 26 :1.() 
ROW 
1 56. e;o .. 110. 3 .. 15 .. ' ' ) .... . 
::> /? .. 71 .. ....:L:l ~i •• ~l a ::! ::.~ .. :1. .. 
3 69. 64. 126. 6. .If • 1.> .. . 
'• ~ 1:!' tw. 7'•. <].It. a. ::.~ .. "1 .. 5 <!> 1 .. a:~ .. 110 .. 16 .. :l ~5 .. ' ' ) •· .... 
6 I:."C:' 79. 129. :1.6. 25. ':> ~~- •.. · ~ 
7 38. 66. 104. 3. 26. (). 
a 8<!> !:i C)> " 127. ':> ...• :l • Q~ 
<J 5.1t. 71. 94. 9. :l • ::! .. . 
10 60. 89~ <J "•. 35. 
I;!' 
,J .. l. ~) .. 
11 67 .. t:12 .. 1 :J ... <J .. 
1~! 58. 03. 3. 16. 
13 52. 113. 9. 32. 
1't ~)() .. 7B .. 11 .. e::· ...., .. 
15 78. '11. 13. 22 .. 
16 :;6. 03. 46. 2. 
17 5.1t .. 118. 16 .. ::! .. 
18 63. !lei. 28 .. 1 .. 
1'1 44. 126. 7"•. c, .• 
2() ~7ib .. c-; '• • ~'51 .. 9 .. 
21 71. 110. 39. 2. 
22 61 .. 129. <J. :~. 
2:~ :J.O'•· () .. 
2't 1 ~:l7. () .. 
2~ 9'• .. 
' ' ) ... .. 
·:> 9't" :1. ~~" 
C'l CD 
7 "1 
66. 21.3000 
~:! 7~5 .. :l:l .. OOO() 
3 70. S.3000 
'• 00. 15 .. 5000 ~ .. 
~~ 10~~. 6.8000 
6 110. '•. 8000 
7 103. 3.0000 
TWOS .... 1" C :1. c::.~ 
C:J. N :::: 2~~ MEAN ·-
C2 N = 26 MEAN = 90.577 
APPROXr DEGREES Of FREEDOM - 39 
A 95.00 PERCENT C.I. FOR MU1-MU2 IS < 
TEST OF MUl = MU2 VS. MUl L.T. MU2 
T = -6.~:!9~ 
THE TEST IS SIGNIFICANT AT 0 .. 0000 
TWOS -1, C:L C3 
Cl 
C3 
N :: 22 
N - 10 
MEAN = 
MEAN = 
APPROX. DEGREES OF FREEDOM = 14 
60.045 
111.10 
A 95.00 PERCENT C.I. FOR MU1-MU2 IS C 
TEST OF MU1 :: MU2 VS. MU1 L.T. MU2 
T =-10. 05'"1 
THE TEST IS SIGNIFICANT AT 0.0000 · 
TWOS ·tl, C4 CS 
N .... 2:~ MEAN == 10.0()0 
cs N = 26 MEAN = 9.1154 
APPROX" DEGREES OF FREEDOM = 30 
A 95.00 PERCENT C .. I .. FOR MU1-MU2 IS < 
TEST OF MUl = MU2 VS. MUl G.T. MU2 
T = 2.093 
THE TEST IS SIGNIFICANT AT 0.0225 
TWOS ·t·:L, C.tt C6 
C't N - 22 Mt:::AN = 
C6 N :: 10 MEAN = 
APPROX. DEGREES OF FREEDOM = 25 
16 .. 000 
3.7000 
A 95.00 PERCENT C.I. FOR MU1-MU2 IS < 
TEST OF MU1 = MU2 VS. MU1 G.T. MU2 
T = 3.52'"J 
THE TEST IS SIGNIFICANT AT 0 .. 0008 
ST .. DEV .. -
ST.DEV .. = 
ST.IIEV .. = 
81 
:1. :1. .. "• 
21 .. '• 
-.ttO. 1658) 
ST .. DEV .. :::: :l7 .9 
ST.DEV. = 
0.212'7'1 17 .. 5565) 
-·-·----·.- - ---··-·· 
ST.DEV. - 17.9 
ST .. DEV .. - '• .. 3() 
S.'J532r 
THE REGRESSION EQUATION IS 
Y = 32.7 - 0.257 Xl 
COLUMN COEl:. .. FICIENT 
32.722 
Xl C7 -0.2~7 
ST. IIEV. 
OF COEF. 
''} .. 7<'}5 
0.110 
THE ST. DEV. OF Y ABOUT REGRESSION LINE IS 
s :::: 4.761 
WITH < 7- 2> = 5 DEGREES OF FREEDOM 
R-SQUARED = 52.2 PERCENT 
R-SQUARED = 42.7 PERCENT, ADJUSTED FOR D.F. 
ANALYSIS OF VARIANCE 
DUE ro DF ss MS=SS/DF 
REGl~ESSION 1 123.08 12:r.tYO. 
t=~ESIDUAL a::· ..J 113.35 22.67 
TOTAL 6 237.23 
-- STOP 
T-I=~ATIO = 
COEF/S.D .. 
~5 .. :~ .ft 
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